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FOREWORD
The c la s s  o f  o rg a n ic  m olecu les which e x h ib i t s  a r e l a t i v e l y -  
la rg e  g ro u n d -s ta te  d ip o le  moment I s  o f  immense p ro p o r t io n s . In  t h i s  
d i s s e r t a t i o n  a r a th e r  narrow  segment o f t h i s  la rg e  c la s s  (nam ely, 
m o lecu les d e s ig n a te d  by th e  s t r u c tu r e  D-Ar-A, where D i s  an  e le c t r o n  
donor g roup , where Ar i s  an u n sa tu ra te d  r in g  system  and where A i s  
an  e le c t r o n  a c c e p to r  group) w i l l  be d is c u s s e d . We b e lie v e  
th a t  th e se  m o lecu les a re  p r o to ty p ic a l  o f  th e  rem ain ing  members o f 
th e  c la s s  o f " h ig h ly -p o la r  a ro m a tic s" .
The e le c t r o n i c  sp ec tro sco p y  o f D-Ar-A ty p e  m olecu les 
a t t r a c t e d  th e  a t t e n t io n  o f  many in v e s t ig a to r s ,  s p e c ia l ly  a f t e r  th e  
adven t o f  th e  concep t o f  charge t r a n s f e r  t r a n s i t i o n s  [m. Godfrey 
and J .N . M u rre ll , P ro c . Roy. Soc. (London). 71 (1 9 6 4 ) .] .
A h o s t o f p u b l ic a t io n s  on th e  a b so rp tio n  sp ec tro sco p y  o f th e se  
m o lecu les ap p ea red ; however, they  d e a l t ,  f o r  th e  most p a r t ,  w ith  
th e  c h a r a c te r iz a t io n  o f c h a r g e - t r a n s fe r  t r a n s i t i o n s ,  so lv e n t and 
s t r u c t u r a l  e f f e c t s ,  d e te rm in a tio n  o f e x c i t e d - s t a t e  d ip o le  moments, 
p o la r iz a t io n  and d lc h r o ic  m easurem ents, e t c .  The f lu o re sc e n c e  
s p e c tra  o f some system s were in v e s t ig a te d ,  s p e c ia l ly  in  r e l a t i o n  to  
s o lv a t io n  o f d i f f e r e n t  e x c ite d  s t a t e s  and t h e i r  d ip o le  moments. 
However, i t  i s  a s t r i k in g  f a c t  about th e se  m olecu les th a t  th e  
e x i s t in g  s e t  o f  t o t a l  lum inescence d a ta  i s  com ple te ly  in ad eq u a te  
f o r  i n t e r p r e t i v e  p u rp o ses .
The main p o in ts  o f  i n t e r e s t  h e re  a re :
(1) The n a tu re  o f  th e  lo w -ly in g  e x c i te d  e l e c t r o n i c  s t a t e s  o f  th e se
i i i
m o lecu les , and the  e f f e c t  o f m olecule a n d /o r  medium p o l a r i t y  on 
e l e c t r o n i c  t r a n s i t i o n s  in v o lv in g  th e se  s t a t e s .
(2) The e f f e c t  o f  in te rm o le c u la r  d ip o le -d ip o le  I n te r a c t io n s  o f  s t a t i c  
and t r a n s i t i o n  moment ty p es  on th e  e le c t r o n i c  sp e c tra  o f  th e se  
m o lecu les .
The m a te r ia l  d isc u sse d  in  th e  f i r s t  two c h a p te rs  d e a ls
w ith  th e  f i r s t  p o in t .  T o ta l lum inescence s p e c tra  o f n i t r o a n i l i n e s
a re  d is c u s se d . The £ - d e r iv a t iv e s  show in t e r e s t i n g  lum inescence
an o m alies . A cp /cpf  dependence on N -m ethy la tion , so lv e n t p o l a r i t y  
P ■
and e x c i t in g  w aveleng th . F u r th e r ,  th e  lo w est-en e rg y  a b s o rp tio n  band 
o f th e  £ - d e r iv a t iv e  shows d ic h ro ic  e f f e c t s  upon N -m eth y la tio n , upon 
changes in  so lv e n t p o la r i ty  and upon th e  a p p l ic a t io n  o f e l e c t r i c  
f i e l d s .  The la c k  o f adequate  p o la r iz a t io n  d a ta  and co m p u ta tio n al 
r e s u l t s .p r e v e n t s  com plete assignm ent o f  the  e le c t r o n ic  s t a t e s  o r 
q u a n t i f i c a t io n  o f  th e  observed  phenomena.
The m a te r ia l  covered in  th e  th i r d  and fo u r th  c h a p te rs  d e a l 
w ith  th e  second p o in t  of i n t e r e s t ,  namely d ip o le -d ip o le  in t e r a c t io n s .  
The system  s tu d ie d  was N ,N -d ia lk y l-£ -c y a n o a n ilin e s  which w ere r e p o r t ­
ed to  show s e v e ra l  f lu o re sc e n c e s  [E. L ip p e r t ,  W. Luder and H. Boos, 
P ro c . o f  The 4 th  I n te r n a t io n a l  M eeting on M olecu lar S p ec tro sco p y . 
Bologna, I t a l y ,  (1959), M acm illian , New York p . 443, 1962; E.A. 
Chandross and H.T. Thomas, Chem. Phys. L e t t e r s . 9 , 397 (1 9 7 1 ) .] .  The 
n a tu re  and in t e n s i t y  o f f lu o re sc e n c e  em issio n s  depend on tem p era tu re  
and so lv e n t p o l a r i t y .  S o lv en t r e o r ie n ta t io n  d u rin g  the  l i f e t im e  
o f  th e  s in g le t  e x c ite d  s t a t e  was suggested  to  e x p la in  th e  so lv e n t and
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te m p e ra tu re  dependence o f f lu o re s c e n c e  I n t e n s i t i e s .  In  t h i s  system , 
we su g g es t t h a t  d ip o le -d ip o le  I n te r a c t io n s  o f s t a t i c  and t r a n s i t i o n  
moment ty p e  le ad  to  th e  appearance  o f  dim er (se lf-co m p lex ) and 
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ABSTRACT
The lum inesceaces o f iso m eric  n i t r o a n i i i n e s  and t h e i r  
N -m ethy lated  d e r iv a t iv e s ,  a s  observed  in  g la s s y  media a t  77°K, a re  
r e p o r te d .  The £ -  and m- d e r iv a t iv e s  f lu o re s c e  on ly . The £ - 
d e r iv a t iv e s  may f lu o re s c e  o n ly , phosphoresce on ly , o r show b o th  a 
f lu o re sc e n c e  and a phosphorescence whose r e l a t i v e  i n t e n s i t i e s  a re  
dependent on th e  p o la r i ty  o f  the  medium and th e  e x c i t in g  w aveleng th . 
Those £ - d e r iv a t iv e s  w hich p o sse ss  the  l a r g e s t  g ro u n d -s ta te  d ip o le  
moments e x h ib i t  th e  l a r g e s t  phosphorescence y ie ld s ;  they  a ls o  
e x h ib i t  a dependence o f Vp/'Pf e x c i t a t io n  e n e rg ie s  which l i e  w ith in  
th e  w aveleng th  compass o f  th e  lo w est-en e rg y  a b so rp tio n  band, a "Red- 
Edge" e f f e c t ,  and d i f f e r e n t  f lu o re sc e n c e  and phosphorescence ex ­
c i t a t i o n  s p e c tr a .  Some su g g e s tio n s  as to  th e  in t e r p r e t a t i o n  o f  
th e se  e f f e c t s  a re  made.
The a b so rp tio n  s p e c tra  o f  n i t r o a n i i i n e s  have been r e ­
exam ined, w ith  most em phasis p laced  on th e  low est energy  a b s o rp tio n  
band o f £ - n i t r o a n i l i n e .  An in c re a s e  of s o lv e n t  p o la r i ty  a n d /o r  
N -m eth y la tio n  o f £ - n i t r o a n i l i n e  s h i f t s  th e  low est energy  a b so rp tio n  
band o f t h i s  m olecule to  low er e n e rg ie s  and uncovers a weak, 
s t r u c tu r e d ,  p re v io u s ly  h id d en  t r a n s i t i o n  a t  '■* 33000cm As th e  
m ain a b so rp tio n  band moves to  low er e n e r g ie s ,  a d i s t i n c t  p re ­
f e r e n t i a l  i n t e n s i f i c a t i o n  o ccu rs  on i t s  long -w av e len g th  s id e .  No 
such e f f e c t s  a re  observed  f o r  e i t h e r  the  o - o r m- d e r iv a t iv e s .  The
d a ta  fa v o u r th e s e  th e o r e t i c a l  models which p r e d ic t  th a t  th e  low est 
energy  a b s o rp tio n  band o f  th e  j>- d e r iv a t iv e  encom passes two o r  more 
t r a n s i t i o n s .
The f lu o re sc e n c e  s p e c tra  o f  N ,N -d ia lk y l- j) -c y a n o a n ilin e s  
in  f lu i d  media have been reexam ined. The long w avelength  f lu o re s c e n c e , 
p re v io u s ly  a t t r i b u t e d  to  a so lv a te d  "* f lu o re s c e n c e , i s
3 J.
in te r p r e te d  a s  an excim er f lu o re s c e n c e , an assignm ent w hich i s  
su p p o rted  by c o n c e n tra tio n  dependence s tu d ie s  and quenching e x ­
p e rim e n ts . The tem p era tu re  dependence o f th e  excimer/monoraer 
f lu o re sc e n c e  in t e n s i t y  r a t i o  in d ic a te s  th a t  excim er fo rm a tio n  i s  a 
d i f f u s io n  c o n tro l le d  p ro c e ss . The b in d in g  energy  o f the  excim er i s  
found to  be independen t o f  th e  n a tu re  o f th e  so lv e n t and to  be 
sm a lle r  th an  th o se  v a lu e s  e s tim a te d  fo r  excim ers o f p o ly c y c l ic  
a ro m a tic  hyd rocarbons. S o lv en t v i s c o s i ty ,  so lv e n t p o la r i ty  and 
s p e c i f i c  s o lv e n t - s o lu te  in te r a c t io n s  a f f e c t  th e  excimer/monomer 
f lu o re sc e n c e  in t e n s i t y  and th e se  e f f e c t s  a re  in te r p r e te d .  The 
geom etry of th e  excim er i s  a l s o  d is c u s se d .
F in a l ly  the  a b s o rp tio n  and lum inescence s p e c tra  o f 
N ,N -d ia lk y l-p -c y a n o a n ilin e s  in  f lu id  and g la s s y  media a re  re p o r te d .
A weak a b s o rp tio n  band a t  ~  29000cm * i s  a ss ig n ed  to  a se lf-c o m p lex  
o f th e se  m o lecu les . Assuming a d im eric  form  fo r  th e  se lf-c o m p lex , 
th e  a s s o c ia t io n  c o n s ta n t i s  50 £ K. £• 150 &Jm. E x c i ta t io n  in  th e  
se lf-co m p lex  a b s o rp tio n  re g io n  produces a phosphorescence and 
f lu o re sc e n c e  w hich a re  a t  low er e n e rg ie s  th an  the  co rre sp o n d in g
xiii
monomer lu m in escen ces; Che new e m iss io n s  a re  a ss ig n e d  to  
and -* e v en ts  in  th e  se lf -c o m p lex . The e n e rg ie s  o f ,  and 
t r a n s i t i o n  p r o b a b i l i t i e s  in  th e  se lf-c o m p lex  a re  r a t io n a l iz e d  
u s in g  a dim er s to ic h io m e try  and a model based on d ip o le -d ip o le  
in te r a c t io n s  o f s t a t i c  and t r a n s i t i o n  moment ty p e .
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CHAPTER I  
LUMINESCENCE OF NITROANILINES
The c l a s s  o f  s u b s t i t u te d  a ro m a tic  m o lecu les  o f  s t r u c tu r e
D-Ar-A (w here D i s  an  e le c tro n -d o n o r  group, Ar i s  an u n s a tu ra te d
r in g  system  and A i s  an e le c t r o n - a c c e p to r  g roup) i s  c h a ra c te r iz e d  by
h ig h ly - p o la r  e l e c t r o n i c  e x c i te d  s t a t e s  o f  r e l a t i v e l y  low energy .
Such s t a t e s  a re  o f te n  r e f e r r e d  to  a s  in tr a m o le c u la r  " c h a rg e - tr a n s fe r "
o r  "CT" s t a t e s .  The e l e c t r o n i c  sp ec tro sc o p y  o f  D-Ar-A m olecu les i s
n e i th e r  w e l l - in v e s t ig a te d *  n o r c le a r ly  u n d e rs to o d .
T h is  s tu d y  i s  concerned w ith  n i t r o a n i i i n e s ,  a group o f
m o lecu les  w hich c o n s t i tu t e s  a  s u b -s e t  o f  th e  D-Ar-A c la s s .  The
2 3  4  5e m iss io n  sp ec tro sc o p y  o f  th e  n i t r o a n i i i n e s  has been touched on ’ * * 
p re v io u s ly  b u t no s y s te m a tic  ex p e rim en ta l o r  t h e o r e t i c a l  approach  
seems to  have been t r i e d .  I t  i s  known th a t  th e  e n e rg ie s  and 
i n t e n s i t i e s  o f  th e  CT a b s o rp tiv e  t r a n s i t i o n s  in  th e  n i t r o a n i i i n e s  
v a ry  in  th e  o rd e r  o f  jj-  > m- s“ o - w hich, in c id e n ta l l y ,  i s  a ls o  th e  
o rd e r  o f  v a r i a t i o n  o f  th e  ground and e x c i te d  s t a t e  d ip o le  moments.
The s u b je c t  o f  concern  h e re  i s  th e  somewhat un ique  em issiv e  
c h a r a c t e r i s t i c s  o f  th e  n i t r o a n i i i n e s .
EXPERIMENTAL
A ll compounds w ere Eastman-Kodak p ro d u c ts . They were 
r e c r y s t a l l i z e d  from  d i l u t e  e th a n o l s o lu t io n  a n d /o r  m u lt ip ly  vacuum
1
2
sublim ed u n t i l  no change in  e m iss io n  s p e c t r a  were o b ta in e d  upon 
f u r th e r  p u r i f i c a t i o n .  S t e r i c a l l y  h in d e red  n i t r o a n i i i n e s  w ere k in d ly  
p ro v id ed  by P ro fe s s o r  W epster (T ec h n ic a l U n iv e rs i ty  o f  D e l f t ,  H o lland) 
and were used a s  re c e iv e d . S o lv e n ts  w ere " f lu o r im e t r ic  g rad e"  and 
were nonem issive  a t  th e  le v e l  o f  e x p e r im e n ta l s e n s i t i v i t y  needed in  
t h i s  w ork.
E m ission  s p e c tra  were c o r re c te d  f o r  th e  s p e c t r a l  re sp o n se  
o f  th e  m onochrom ator/photo tube com b in a tio n . E x c i ta t io n  s p e c tr a  were 
c o r re c te d  f o r  lamp o u tp u t and m onochrom ator/photo tube re sp o n se . 
Phosphorescence decay p ro c e ss e s  were i n i t i a t e d  by e x c i t a t i o n  w ith  a  
m ill is e c o n d  p u ls e  from an  a i r - d i s c h a r g e  lam p. A ll e m iss io n  s tu d ie s  
were r e s t r i c t e d  to  th o ro u g h ly -d eg assed  system s becau se  non-degassed  
sam ples w ere found to  have phosphorescence  l i f e t im e s  w hich were 
a p p ro x im a te ly  10% l e s s  th a n  th o se  in  deoxygenated  s o lv e n ts .  Low 
te m p e ra tu re s  w ere g e n e ra te d  by d i r e c t  im m ersion o f  sample in  c o o la n t .
Extrem e ca re  was ta k en  to  av o id  i n n e r - f i l t e r  e f f e c t s .  F ro n t 
s u r fa c e  e x c i t a t io n  and low c o n c e n tra t io n s  o f  th e  o rd e r  o f  2-5x10 
were u sed . R e -a b so rp tio n  o f e m itte d  l i g h t  in  th e  f lu o re s c e n c e /a b s o rp -  
t io n  o v e r la p  re g io n s  was e s tim a te d  and was found n o t to  exceed 1% o f  
th e  e m itte d  i n t e n s i t y  under any o f  th e  e x p e r im e n ta l c o n d itio n s  used  
in  t h i s  work.
3
RESULTS AND DISCUSSION
The e m iss iv e  c h a r a c t e r i s t i c s  o f  th e  n i t r o a n i i i n e s  depend 
on  s e v e r a l  s t r u c t u r a l  and e x p e r im e n ta l f a c to r s .  We w i l l  l i s t  th e s e  
f a c t o r s  and t h e i r  e f f e c t s  an d , t h e r e a f t e r ,  a tte m p t i n t e r p r e t a t i o n s  
b a sed  upon them.
( i ) EFFECT OF SUBSTITUEKT POSITIONS:
The o - and m- n i t r o a n i i i n e s  e x h ib i t  o n ly  a f lu o re s c e n c e  in  
m e th y lcy c lo h ex an e , EPA, e th y la lc o h o l  and m eth y lcyclohexane  g la s s e s  
a t  77°K w hereas under s im i la r  c o n d i t io n s ,  £ - n i t r o a n i l i n e  e x h ib i t s  
o n ly  a  p h o sp h o rescen ce . The c o r re c te d  t o t a l  em iss io n  s p e c t r a  o f  
th e s e  iso m ers  a r e  shown in  F ig u re  1. P o s i t io n  isom ers o f  
N - ra e th y la te d - n i t ro a n i l in e s  behave s im i la r ly :  N -m e th y l-o - n i t ro a n i l in e ,
N ,N -d im e th y l-o -n i t ro a n i l in e  and N ,N -d im e th y l- ra -n itro a n ilin e  f lu o r e s c e  
o n ly ;  th e  jg -isom ers e i t h e r  f lu o r e s c e  o r  p h o sp horesce  o r  show b o th  
e m is s io n s  depending  on th e  p o l a r i t y  o f  th e  medium. In  any e v e n t ,  th e  
p re v a le n c e  o f phosphorescence  in  th e  £ - is o m e rs  a p p e a rs  to  be a common 
b e h av io u r o f  a l l  h ig h ly - p o la r  a n i l i n e  d e r iv a t iv e s ;  f o r  exam ple, in  
th e  am inobenzoates and am inoacetophenones, cp  ̂ in c re a s e s  and cp̂  
d e c re a s e s  a s  one proceeds** th ro u g h  th e  iso m e ric  s e r i e s  o -  -» ra- “* £ - .  
The m agnitude o f  g ro u n d - s ta te  d ip o le  moments, changes in  th e  s t a t i c  
d ip o le  moments produced upon e x c i t a t i o n  (a s  m easured by s o lv e n t  
s h i f t s )  and e x c i t e d - s t a t e  d ip o le  moments a r e  a l s o  found to  l i e ^  in  
th e  o rd e r  £ -  > m- s  £ - ,  a  t r e n d  which p a r a l l e l s  th e  b e h av io u r o f  th e  
r e l a t i v e  phosphorescence  i n t e n s i t y  e x h ib i te d  in  th e  lum inescence  
s p e c t r a  o f  th e  n i t r o a n i i i n e s  and w hich may be s i g n i f i c a n t .
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F ig u re  1
C o rrec ted  em iss io n  s p e c tra  o f  o - , m- and £ - n i t r o a n i l i n e  in  EPA 
g la s s  a t  77°K. The t o t a l  em ission  o f th e  £ -iso m er c o n s is ts  
s o le ly  o f  p h o sphorescence , th a t  o f  th e  o- and m- d e r iv a t iv e s  
c o n s is t  s o le ly  o f  f lu o re s c e n c e .
X l A )
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( i i )  EFFECT OF N-METHYI*ATION:
N -M ethy lation  lo w ers  th e  e f f e c t iv e  io n iz a t io n  p o t e n t i a l  o f 
th e  amino group and makes i t  a b e t t e r  e le c t r o n  donor. I t  has a  
profound e f f e c t  on th e  lum inescence b eh av io u r o f  £ - n i t r o a n i l i n e .  In  
th e  o - and m- s e r i e s ,  changes o f  f lu o re s c e n c e  i n t e n s i t y  do o ccu r 
upon N -m e th y la tio n  b u t th e  absence o f  a b so lu te  quantum y ie ld  d a ta  
p r o h ib i t s  q u a n t i f i c a t io n  o f  th e se  changes. The im p o rtan t p o in t  h e re  
i s  th a t  i n  th e  £ -  d e r iv a t iv e s  N -m eth y la tio n  in d u ces  a f lu o re s c e n c e  
where p re v io u s ly  th e r e  has been none. The t o t a l  lum inescence  s p e c t r a  
o f  £ - n i t r o a n i l i n e  and i t s  N -m ethy la ted  d e r iv a t iv e s  a r e  shown in  
F ig u re  2.
( i i i )  EFFECT OF SOLVENT POLARITY
Em ission  s p e c t r a  o f  n i t r o a n i i i n e s  a r e  dependent on s o lv e n t  
p o l a r i t y .  For th e  o -  and m- s e r i e s ,  a p a r t  from  f lu o re s c e n c e  i n t e n s i t y  
changes w hich a re  n o t y e t  q u a n t i f ie d ,  the  o n ly  observed  e f f e c t  i s  t h a t  
th e  f lu o re s c e n c e  s h i f t s  to  low er en e rg y  upon in c re a s in g  th e  s o lv e n t  
p o l a r i t y .  In  th e  £ -  d e r iv a t iv e s ,  th e  fo llo w in g  phenomena ar<i o b se rv ed : 
- — -The r a t i o  o f  VpAPj depends on th e  p o l a r i t y  o f  th e  medium. An 
in c re a s e  o f  s o lv e n t  p o l a r i t y  in d u c es  a f lu o re s c e n c e  where th e re  
h as  been  none o r  p roduces a  f lu o re s c e n c e  i n t e n s i f i c a t i o n ,  a s  
shown by th e  fo llo w in g  exam ples:
a .  £ » N i t r o a n i l in e  p h o sp h o resces  o n ly  in  m eth y lcy clo h ex an e, EPA 
and e th y la lc o h o l  g la s s e s ,  b u t  f lu o r e s c e s  w eakly and p h o s- . 
p h o re sce s  s t ro n g ly  in  h ig h ly - p o la r  p o ly v in y la lc o h o l f i lm s  a t  
77°K.
F ig u re  2
C o rrec ted  em iss io n  s p e c tra  in  EPA g la s s  a t  77°K, o f  PNA 
( ^ - n i t r o a n i l i n e ) , NMPNA ( N -m e th y l-£ -n itro a n ilin e )  and 
NNDMPNA (N ,N -d ir a e th y l-£ - n i t ro a n i l in e ) . The phosphorescence 
















X ( A )  —







? ( c m ’ , x I0"3 )
7
b . N, N-Dimethyl £ - n l t r o a n l l i n e  f lu o r e s c e s  v e ry  w eakly in
3 -m ethy lpen tane  o r  n o t a t  a l l  in  m ethy lcyclohexane  a t  77°K;
on th e  o th e r  hand, f lu o re sc e n c e  i n t e n s i f i e s  r e l a t i v e  to
phosphorescence  i n  EPA and dom inates co m p le te ly  in  a lc o h o l ic
g la s s e s .  In  dim ethyl)orm am ide and in  p o ly v in y la lc o h o l
f i lm s  a t  77°K, th e  t o t a l  em iss io n  c o n s i s t s  o f  a s tro n g
f lu o re s c e n c e  and a  v e ry  weak, o r  even n u l l ,  p h o sp h o rescen ce ;
in d eed  a  v e ry  weak f lu o re s c e n c e  i s  d e te c ta b le  even  a t  room
tem p e ra tu re  in  th e se  l a s t  two m edia and h a s  been re p o r te d
L
p re v io u s ly  f o r  dim ethylform am ide s o lu t io n s .  Ih e  t o t a l  
e m iss io n  s p e c t r a  o f  N ,N -d im e th y l- jv -n itro a n ilin e  a r e  shown in  
F ig u re  3.
The phosphorescence  l i f e t im e s  o f  th e  N -m e th y la te d -£ -d e r iv a tiv e s  
in c re a s e  upon g o in g  from th e  hydrocarbon  o r  EPA g la s s e s  to  a 
w ho lly  a lc o h o l ic  g la s s  (a s  shown in  Table 1) b u t does n o t do so 
f o r  £ - n i t r o a n i l i n e  i t s e l f .  T h is  b eh av io u r i s  o p p o s ite  to  th e  
t r e n d  o f  phosphorescence  i n t e n s i t i e s  which d e c re a se s  upon going 
from  EPA to  an e th y la lc o h o l  g la s s .
•The e m iss io n  s p e c t r a  a re  re a so n a b ly  w e ll- r e s o lv e d  i n  hyd rocarbon  
g la s s e s  i n  c o n t r a s t  to  th o se  in  e i t h e r  EPA o r  a lc o h o l ic  g la s s e s .  
A p a r t i a l  v ib r a t i o n a l  a n a ly s is  o f  th e  phosphorescence  em issio n  
o f  N ,N -d im e th y l-£ -n itro a n il in e  in  m ethy lcyclohexane  i s  g iv en  in  
T ab le  2. A v ib r a t io n a l  p ro g re s s io n  o f  1330 cm ^ a p p e a rs  w eakly. 
The sym m etric NO  ̂ s t r e tc h in g  v ib r a t io n  o f  N ,N -d im e th y l-£ -n itro -  
a n i l i n e  o c cu rs  a t  1332 cm~* in  c a r b o n te tr a c h lo r ld e  s o lu t io n s  and
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F ig u re  3
C o rrec ted  em iss io n  s p e c tra  o f N ,N -d im e th y l-£ -n itro a n ilin e  in  
d i f f e r e n t  so lv e n t media a t  77°K> The phosphorescence i s  denoted  
P and th e  f lu o re s c e n c e , F.
 in  m ethy lcyclohexane g la s s
 in  EPA g la s s
 in  p o ly v in y la lc o h o l f ilm
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TABLE 1
MEAN PHOSPHORESCENCE LIFETIMES, T , OF £-NITRQANILINES 
IN FOUR GLASSY MEDIA AT 77°K
G lass a
( a t  25°C)
PNA NMPNA NNDMPNA
Tp ( s e e ) 0 Tp ( s e c ) c T ( s e c ) C 
P
M ethy1cyclohexane 0 0 .2 4  ± 0.01 0 .2  ± 0 .0 4
3-M ethylpen tane 0 0 .2 0  ± 0 .0 2
EPA 0 .8 1 b 0 .2 4  ± 0 .0 2 0 .2 3  ±  0 .05 0 .2 2  ± 0 .02
E th y la lc o h o l 1 .3 6 0 .2 4  ± 0 .0 8 0 .3 3  ±  0 .07 0 .3 5  ± 0 .09
a ) p> d en o tes  th e  d ip o le  moment o f  th e  s o lv e n t  in  Debye u n i t s .
b) An "average  d ip o le  moment" r e p r e s e n ta t iv e  o f th e  mole f r a c t i o n  o f
th e  h ig h ly - p o la r  e th y la lc o h o l component,
c) These l i f e t im e s  r e f e r  to  t o t a l  phosphorescence i n t e n s i t y  decay .
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TABLE 2
PARTIAL VIBRATIONAL ANALYSIS OF THE PHOSPHORESCENCE SPECTRUM OF 
N,N-UIMETHYL-£-NITR0ANILINE IN METHYLCYCLOHEXANE GLASS AT 77°K






d e c re a se s  to  1320 cm"* upon going  to  th e  more p o la r  t r i c h l o r o -
0
a c e t o n l t r l l e  s o lv e n t .  S in ce  th e  a s s y m e tr ic  NO  ̂ s t r e tc h in g
-1  g
freq u e n cy  I s  1306 cm. and th e  C=N s t r e t c h in g  freq u en cy  I s
849 cm * , we may a s s ig n  th e  1330 cm * I n t e r v a l  as  a sym m etric
s t r e t c h i n g  freq u en cy  o f  th e  n l t r o  g roup . A 400 cm*''1' I n t e r v a l  .
I s  a ls o  observed  b u t can n o t be a ss ig n e d  a t  p re s e n t .  In  EPA
g la s s ,  a l l  £ - n l t r o a n i l l n e s  show s im i la r  s t r u c tu r e  in  t h e i r
phosphorescence  and f lu o re s c e n c e  s p e c t r a .  A 1100 cm” * I n te r v a l
I s  re c o g n iz a b le  In  b o th  th e  £ - n i t r o a n i l i n e  a n d .th e
N -m e th y l-£ -n i t ro a n i l in e  em issio n  s p e c tr a  and a  v e ry  weak 900 cm” *
in t e r v a l  i s  p re s e n t  In  th e  N ,N -d im e th y l-£ -n itro a n ilin e  em iss io n .
S ince th e  d i f fu s e n e s s  and o v e rlap  o f  th e  v a r io u s  peaks o b scu res
th e  t r u e  v a lu e s* ^  o f th e  v ib r a t i o n a l  i n t e r v a l s ,  we assume h e re
th a t  th e  a c t iv e  v ib r a t io n  i s ,  in  a l l  in s ta n c e s ,  the  sym m etric
s t r e t c h i n g  freq u en cy  o f  th e  n i t r o  g roup .
( iv )  EFFECT OF VARIATION OF EXCITATION ENERGY:
The em issio n  s p e c t r a  o f  o - and m - n l t r o a n l l in e s  and t h e i r
N -m ethy la ted  d e r iv a t iv e s  a r e  in d ep en d en t o f  e x c i t a t io n  w aveleng th .
The same i s  t r u e  o f  th e  em iss io n  spectrum  o f £ - n i t r o a n i l i n e  in
m eth y lcy c lo h ex an e , EPA and e th y la lc o h o l  g la s s e s  a t  77°K. However, in
th e  c ase  o f  £ - n i t r o a n i l i n e  in  p o ly v in y la lc o h o l f i lm s  and N -m ethyla ted
£ - n i t r o a n i l l n e s  in  EPA and e th y la lc o h o l  g la sses^  th e  cp /̂cp  ̂ r a t i o
depends on X . Indeed , cp /q>, d e c re a se s  upon e x c i t a t io n  on th e  ex c  P f
ex trem e lo n g -w av e len g th  s id e  o f  th e  lo w e s t-e n e rg y  a b s o rp t io n  band.
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S in ce , to  a  f i r s t  ap p ro x im a tio n , we may w r i t e ,
'P.Af = W V ^ ia c V
i t  i s  Im p lied  t h a t  some one o r  a l l  o f  th e  k i n e t i c  p a ra m e te rs  I s  a 
f u n c t io n  o f  X . The m ost l i k e l y  c a n d id a te  I s  th e  in te r s y s te m  
c ro s s in g  r a t e  c o n s ta n t p a ra m e te r ,
P lo t s  o f I p / i f  v e rs u s  e x c i t a t io n  energy  a re  shown in  
F ig u re  4 . In  th e  th r e e  in s ta n c e s  shown, I p / l f  in c re a s e s  d ra m a tic a l ly  
and r e a t t a i n s  s t a b i l i t y  a s  X sweeps th ro u g h  th e  f i r s t  a b s o rp tio nGXC
band. The freq u en cy  in t e r v a l  over w hich th e  I ^ / l ^  su rg e  o c cu rs
v a r i e s  in  th e  o rd e r  Av(NMPNA) < Av(NNDMPNA)I th e r e  i s ,  o f  c o u rse ,
no such  su rg e  in  PNA i t s e l f .
P o la r iz e d  a b s o rp tio n  s p e c tr a  o f  PNA and i t s  N -m ethyl
d e r iv a t iv e s  in d ic a te  t h a t  th e  lo w e s t-e n e rg y  ( i . e . ,  f i r s t )  a b s o rp tio n
11 12band c o n ta in s  a t  l e a s t  two d i f f e r e n t  e l e c t r o n i c  t r a n s i t i o n s .  * In  
view  o f  t h i s  and our p r i o r  assum ption  o f  an  I p / l j  s e n s i t i v i t y  i n t r i n s i c  
to  k ^s c > we suppose t h a t :
- • - —The r a t e  c o n s ta n t k ^sc  i s  c o n s ta n t i n  b o th  th e  s t a t e  and th e  
S2  s t a t e  b u t v a r i e s  in  th e  re g io n  betw een  th e s e  pure  s t a t e s .
— — k ^gc i s  l a r g e r  in  th e  Sg s t a t e  th a n  in  th e  s t a t e .
. . *k^gc d e c re a se s  w ith  s o lv e n t  p o l a r i t y .
The t o t a l i t y  o f  th e s e  e v id en c e s  and assum ptions su g g e s ts  
t h a t  S2  i s  coupled more s tro n g ly  to  th e  t r i p l e t  m an ifo ld  th a n  i s  
and t h a t  i s  a ls o  coupled  by some mechanism to  $ 2 *
Figure 4
A p lo t  o f I p / I j  v e rsu s  e x c i t a t io n  energy  fo r  N -m ethyl-p- 
n i t r o a n i l i n e  in  EPA g la s s  a t  77°K 
S im ila r ly  f o r  N ,N -d im e th y l-p -n itro a n ilin e  
S im ila r ly  f o r  2 ,N ,N -tr im e th y l- jE - n i t r o a n i l in e  
I n t e n s i t i e s  were c o rre c te d  fo r  phototube/m onochrom ator 
re sp o n se  and f o r  lamp o u tp u t a t  each  e x c i t in g  w aveleng th .
(s-Oivwo) n - *







(v ) EXCITATION SPECTRA:
The f lu o re s c e n c e  e x c i t a t i o n  s p e c tra  o f  
N -m e th y la te d -£ -n i t ro a n i l in e s  a r e  s l i g h t l y  " r e d - s h i f te d "  w ith  r e s p e c t  
to  th e  phosphorescence  e x c i t a t i o n  s p e c t r a  a s  shown in  F ig u re  5. These 
re d  s h i f t s  in c re a s e  a s  th e  p o l a r i t y  o f  th e  medium in c re a s e s  on go ing  
from  EPA to  e th y la lc o h o l  — -  an  o b s e rv a tio n  w hich i s  f u l l y  su p p o rtiv e  
o f  th e  s u p p o s it io n s  o f  item  ( i v ) .  The f lu o re s c e n c e  and phosphorescence  
e x c i t a t i o n  s p e c tr a  a re  d i f f e r e n t ,  t h a t  o f  f lu o re sc e n c e  b e in g  b ia se d  
tow ards th e  *- a b s o rp tio n  a c t  and t h a t  o f  phosphorescence  b e in g  
b ia se d  tow ards th e  S2  Sq a b s o rp tio n  a c t  (w hich, we s u g g e s t^  a re  
b o th  encompassed by th e  lo w e s t-en e rg y  a b s o rp tio n  band o f  th e  
£ -  d e r iv a t iv e s ) .
( v i )  FLUORESCENCE -  ABSORPTION MIRROR-IMAGE RELATIONSHIP:
The f lu o re s c e n c e  band i s  n o t a  good m lrro r-im ag e  o f  th e  
lo w e st-en e rg y  a b s o rp tio n  band o f  N -m ethy la ted  j> - n l t r o a n l l in e  a s  shown 
i n  F ig u re  6 f o r  th e  case  o f  EPA g la s s .  The same b eh av io u r i s  a ls o  
found i n  e th y la lc o h o l  g la s s  b u t  th e  ab sen ce  o f  f lu o re s c e n c e  in  hydro ­
carbon  g la s s e s  p re c lu d e s  a s im i la r  com parison . T h is  n o n -m irro r  image 
b eh av io u r i s  n o t unexpected  s in c e  th e  a b s o rp tio n  band h as  been supposed 
to  com prise two d i f f e r e n t  e l e c t r o n i c  a b s o rp tiv e  e v e n ts  w hereas o n ly  
th e  r e v e rs e  o f  one o f  th e se  p ro c e ss e s  i s  h e ld  r e s p o n s ib le  f o r  th e  
f lu o re s c e n c e .
( v i i )  THE "RED-EDGE" EFFECT
There i s  a s l i g h t  b u t  d e f i n i t e  r e d - s h i f t  in  th e  em issio n  
s p e c tra  o f  a l l  N -m ethylated  £ - n i t r o a n i l i n e s  when e x c i te d  a t  th e  ex trem e
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re d  edge ( i . e . ,  low -energy  s id e )  o f  th e  f i r s t  a b s o rp tio n  band. T h is
e f f e c t  i s  shown in  F ig u re  7- I t  i s  sm a lle r  —  perhaps even a b se n t —
in  th e  f lu o re sc e n c e  em issio n  b u t r e a d i ly  o b se rv ab le  in  phosphorescence .
Such a phenomenon, dubbed "The Red-Edge E f f e c t , "  has been observed
13f o r  a wide range  o f a ro m a tic  compounds and i s  found to  be l a r g e r
14f o r  p o la r  m o lecu les  in  p o la r  m edia. T h is e f f e c t  can be in te r p r e te d  
in  d i f f e r e n t  ways:
 M ic r o c r y s ta l l in e  e f f e c t s ,  as  in  case o f  p y ra z in e  in  fro ze n
s o l u t i o n s H o w e v e r ,  s in c e  th e  lum inescence o f  N ,N -d im ethy l-£ - 
n i t r o a n i l i n e  c r y s t a l  i s  d i f f e r e n t  from th a t  o f  g la s s y  s o lu t io n s ,  
being  composed o n ly  o f  a f lu o re sc e n c e  somewhat s im i la r  to  th a t  
which i s  observed  in  h ig h ly -p o la r  dim ethylform am ide and p o ly v in y l 
a lc o h o l a t  77°K, t h i s  p o s s i b i l i t y  may be e lim in a te d .
16- - - - - D i f f e r e n t  so lv a te d  s p e c ie s , as  in  case o f  M ic h le r 's  k e to n e :
S ince we were u n ab le  to  d e te c t  d i f f e r e n t  ab so rb in g  s p e c ie s  in  th e
a b so rp tio n  s p e c tra  o f n i t r o a n i l i n e s  in  v a r io u s  o rg a n ic  g la s s e s ,  we
f e e l  o b lig e d  to  e l im in a te  t h i s  p o s s i b i l i t y  a l s o .
 --D im er o r  polym er fo rm a tio n : S ince th e  phenomena d e sc r ib e d  h e re
** 3a re  indep en d en t o f  c o n c e n tra tio n  in  th e  ran g e  10 ^  [NNDMPNA] ^
10 ^ m/ jj, i t  does n o t ap p ear re a so n a b le  to  su g g est such a 
mechanism.
—- - - F u l l  so lv e n t r e la x a t io n  in  th e  T^ s t a t e :  We p re fe r  t h i s  l a s t
s u p p o s it io n . In  o th e r  w ords, we suppose t h a t  th e  red -ed g e  
e x i t a t i o n  s e l e c t s  th a t  ensem ble o f  m o lecu les  which a re  s o lv e n t
16
caged In  such  a way a s  to  p ro v id e  th e  minimum energ y  f o r  the  
s t a t e .
Figure 5
C o rrec ted  phosphorescence and f lu o re sc e n c e  e x c i t a t io n  s p e c tra  fo r  
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F ig u re  6
A r b i t r a r i l y  - norm alized  and c o rre c te d  f lu o re sc e n c e  and 
a b s o rp tio n  s p e c tra  o f N ,N -d im e th y l-£ -n itro a n ilin e  in  EPA g la s s  




































The "Red-Edge E f fe c t"  ex em p lified  in  th e  em issio n  spectrum  o f  
N ,N -d ira e th y l-£ -n i tro a n ilin e  in  EPA g la s s  a t  77°K.
ex c i te d  a t  380 m[j.
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CONCLUSIONS
The c o n c lu s io n s  o f  t h i s  work a re  r a th e r  s t r a ig h tfo rw a rd  
and re la te *  to  a s e t  o f  e x p e r im e n ta l o b s e rv a tio n s  f o r  w hich we canno t 
a s  y e t  p ro v id e  any d e f i n i t i v e  i n t e r p r e t a t i o n .  N o n e th e le ss , we can
make a  few r a th e r  p la u s ib le  a s s e r t i o n s .  These a r e :
(1 ) F o r n i t r o a n i l i n e s ,  a s  w e ll  a s  o th e r  s u b -s e ts  o f  D-Ar-A m o le c u le s , 
th e  phosphorescence  i n t e n s i t i e s  a s  w e ll a s  th e  in te rs y s te m  c ro s s in g  
e f f i c i e n c i e s  v a ry  in  th e  o rd e r  £ -  > m- =“ o - ,  a tre n d  which 
p a r a l l e l s  th a t  o f  th e  s t a t i c  d ip o le  moments o f  b o th  th e  ground
and CT e x c ite d  s t a t e s  and w hich may be s i g n i f i c a n t .
(2 ) P o la r iz e d  a b s o rp t io n  m easurem ents in d ic a te  t h a t  th e  lo w e st-en e rg y  
a b s o rp tio n  band in  th e  j>- d e r iv a t iv e  c o n ta in s  a t  l e a s t  two 
d i f f e r e n t ly - p o la r i z e d  t r a n s i t i o n s .* *  The co rre sp o n d in g  bands in  
th e  o - and m- d e r iv a t iv e s  c o n ta in , a s  f a r  a s  i s  known, o n ly  one 
e l e c t r o n i c  t r a n s i t i o n .* *  In  th e  s p e c i f i c  case  o f  j> - n i t r o a n l l in e ,  
th e  two low -energy  s in g l e t  s t a t e s  ap p ea r to  be a lm o s t d e g e n e ra te .
I f  so , i t  may be supposed th a t  in  PNA th e  e x c i t a t io n  energy  
t r a n s f e r s  so r a p id ly  to  th e  t r i p l e t  m an ifo ld  t h a t  o n ly  a phos­
pho rescence  em iss io n  r e s u l t s .  N -tte th y la tio n  o f  £ - n i t r o a n l l l n e  may 
be supposed to  d e c rea se  th e  e f f ic ie n c y  o f  in te rs y s te m  c ro s s in g  to  
a p o in t  where f lu o re s c e n c e  becomes o b se rv a b le , a  s u p p o s it io n  th a t  
co u ld , in  tu r n ,  be a s s o c ia te d  w ith  a  rem oval o f  th e  n ea r-d eg en e racy  
o f  and s t a t e s .
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(3 ) In  N -m e th y la te d -p -n i t r o a n i l in e ,  cp /cp, i s  a  fu n c t io n  o f  \  whenp r  ex c
e x c i t a t i o n  i s  i n t e r n a l  to  th e  f i r s t  a b s o rp tio n  band. The s e n s i ­
t i v i t y  to  s o lv e n t  p o l a r i t y ,  th e  '‘r e d - s h i f t "  o f  th e  f lu o re sc e n c e  
e x c i t a t i o n  spectrum  r e l a t i v e  to  th e  phosphorescence  e x c i t a t io n  
spectrum  and th e  la c k  o f  a m irro r-im ag e  r e la t io n s h ip  betw een 
f lu o re s c e n c e  and a b s o rp tio n  seem to  in d ic a te  t h a t  i s  coupled 
more s t r o n g ly  to  th e  t r i p l e t  m an ifo ld  th a n  i s  and t h a t  S^, in  
tu rn ,  i s  coup led  by some mechanism to  S2 *
(4 ) I t  i s  assumed h e re  t h a t  th e  in te r v e n t io n  o f nti* s t a t e s  may be 
n e g le c te d . T h is  i s  a  d e b a ta b le  s u p p o s it io n . I f  th e  *nn* s t a t e  i s  
o f  s u f f i c i e n t l y  low energy  so t h a t  th e  e x c i t a t i o n  i s
occluded  in  th e  lo w e st-en e rg y  a b so rp tio n  band o f  th e  n i t r o a n i l i n e s ,  
i t  i s  c l e a r  t h a t  some o f th e  e f f e c t s  observed  i n  t h i s  work could  
f in d  i n t e r p r e t a t i o n  a lo n g  th e  w ell-w orn  l in e s  o f  |[)>A s t a t e
in v e rs io n s*  However, i t  i s  e q u a lly  im p o rtan t to  n o te  t h a t  a l l
o f  th e  e f f e c t s  observed  h e re  cannot be in te r p r e te d  a lo n g  such 
l i n e s .
(5 ) N i t r o a n i l in e s  a r e  h ig h ly  d ip o la r .  The e m iss iv e  b eh av io u r i s  h ig h ly  
s e n s i t iv e  to  s u b s t i t u t i o n  e f f e c t s  w hich g r e a t ly  a l t e r  th e  p o l a r i t i e s  
o f  th e  v a r io u s  e l e c t r o n i c  s t a t e s  and to  so lv e n t e f f e c t s  w hich 
a l t e r  th e  e n e rg ie s  o f  th e  v a r io u s  e l e c t r o n i c  s t a t e s .  T h e re fo re ,
i t  seems re a so n a b le  to  suppose th a t  th e  p rim ary  e f f e c t s  under way 
r e l a t e  to  a m ixing  o f  and S2  s t a t e s ,  o r  v ib r o n ic  s t a t e s  based 
th e re o n , produced by th e  f i e l d  o f  th e  s o lv e n t  d ip o le s  a n d /o r  to  
m o d u la tio n s  o f  th e  in te r s y s te m  c ro s s in g  p ro c e ss  produced by s o lv e n t
22
and s u b s t i tu e n t  a l t e r a t i o n s  o f  th e  r e l a t i v e  e n e rg ie s  o f  S^, 
and T^, T^, s t a t e s .
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CHAPTER I I  
ABSORPTION SPECTRA OF NITROANILINES
INTRODUCTION
D e sp ite  th e  f a c t  th a t  th e  a b so rp tio n  sp e c tra  o f  th e  c la s s  
o f  h ig h ly - p o la r  a ro m a tic  m olecu les re p re se n te d  by the  s t r u c tu r e  
D-Ar-A (where D i s  an e le c t r o n  donor group, Ar i s  an u n s a tu ra te d  
r in g  system  and A i s  an e le c t ro n  a c c e p to r  group) have been ex­
te n s iv e ly  s tu d ie d ,  th e  e le c t r o n ic  sp ec tro sco p y  o f  th e se  m o lecu les  
i s  n o t understood^-. P a r t  o f  our la c k  o f com prehension may be 
due to  a s c a r c i ty  o f lum inescence s p e c t r a l  d a ta  and th e  poor 
q u a l i ty  and d iv e r s e  so u rces  o f a b so rp tio n  s p e c t r a l  d a ta .
N i t r o a n i l in e s  a re  th e  m ost s tu d ie d  s u b -s e t  o f  t h i s  c la s s  
o f  h ig h ly - p o la r  a ro m a tic s . S p e c tro sco p ic  d a ta  on th e se  system s 
a re  s c a t te r e d  in  v a r io u s  p a r t s  o f th e  l i t r a t u r e  and a re  u s u a lly
d is c u s se d  w ith  reg a rd  to  s u b s t i tu e n t  e f f e c t s  on th e  benzene 
9 10spectrum  ’ , th e  re le v a n c e  o f  in tra m o le c u la r  c h a r g e - t r a n s f e r
in t e r a c t io n  c o n c e p ts ^  e le c t r i c a l ly - in d u c e d  d ic h r o is m ^ , e tc .
N o n e th e le ss , o u r o v e r a l l  u n d e rs tan d in g  rem ains p r im it iv e .
Compounds, s o lv e n ts  and a l l  e x p e rim en ta l te ch n iq u es  used
18h e re  a re  d e sc rib e d  e lsew here
RESULTS AND DISCUSSION 
The lo w est-en e rg y  a b so rp tio n  band system  of n i t r o a n i l i n e s  
s h i f t s  to  low er e n e rg ie s  upon N -m ethy la tion  and upon in c re a s in g  th e  
p o l a r i t y  o f th e  medium. Those o f th e  o- and m- d e r iv a t iv e s  do r o t  
change t h e i r  a b s o rp tio n  p r o f i l e  a s  th ey  move to  low er e n e rg ie s .
T hat o f  th e  £ -  d e r iv a t iv e  e x h ib i t s  a p r e f e r e n t i a l  i n t e n s i f i c a t i o n  
on i t s  long -w aveleng th  s id e  a s  i t  moves to  low er energy . These
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e f f e c t s  a r e  i l l u s t r a t e d  in  F ig . 1 f o r  £ - n i t r o a n i l i n e .
-1
The in te n s e  31000cm a b so rp tio n  band uncovers a weak
-1  3 -1  -1sh o u ld e r , a t  33000cm (e  =• 2x10 £ m cm ) , a s  i t  moves to  low er
en erg y . T h is  sh o u ld e r ap p ea rs  a s  a s e p a ra te ,  weak, s t ru c tu re d  band
in  EPA g la s s  a t  77°K, a s  i s  shown in  F ig . 2. N e ith e r  th e  energy
o r  i n t e n s i t y  o f t h i s  band ap p ea rs  to  be s e n s i t i v e  to  N -m ethy la tion
o r  to  any change o f s o lv e n t p o la r i ty .  T h is 33000cm  ̂ band has
a l s o  been observed  i n  th e  s o lu t i o n  spectrum  of N ,N -dim ethyl-£-
n itro a n il in e ^ " 0 , and in  th e  c r y s ta l  a b so rp tio n  spectrum  o f £ -
n i t r o a n i l i n e ^ .  I t  h as  been s u g g e s t e d t h a t  th e  ~  33000cm ^ i s
a t t r i b u t a b l e  to  an r nTT* r i  t r a n s i t i o n  w hich borrows in t e n s i t y
from nearby  Tm* s t a t e s .  However, t h i s  band i s  much too  in te n s e
to  j u s t i f y  such  an assignm en t and , in  a d d i t io n , i t  does n o t show
th e  f a m i l i a r  so lv e n t s e n s i t i v i t y  which i s  so c h a r a c t e r i s t i c  o f
1 1  19 -1T *- T, t r a n s i t i o n s  . W hether th e  ~  33000cm a b s o rp tio n  band i s  rnr* l
an  in -p la n e ,  s h o r t - a x i s  p o la r iz e d  ♦- t r a n s i t i o n  o r  a
Xr  ♦- 1T, t r a n s i t i o n  cannot be deduced a t  th e  moment; however,nn* l
i f  i t  i s  «- ri , a v e ry  s tro n g  v ib ro n ic  co u p lin g  must be p re s e n t .
E le c t r o d ic h r o ic  a b so rp tio n  s t u d i e s ^ ’ i n m ethy l- 
cyclohexane s o lu t io n s ,on th e  31000cm  ̂ a b so rp tio n  band o f  £ -  
n i t r o a n i l i n e  and on th e  co rre sp o n d in g , r e d - s h i f te d  28000cm * 
a b s o rp tio n  band o f N ,N -d im e th y l-£ -n itro a n il in e  in d ic a te  t h a t  t h i s  
in te n s e  band encom passes two t r a n s i t i o n s :  A lo n g -a x is  p o la r iz e d ,
4
in te n s e  t r a n s i t i o n  ( e  > 10 ) ,  and a weak, s h o r t - a x is  p o la r iz e d
o / 1
t r a n s i t i o n  (10 < e < 10 ) .  The sh o u ld e r a t  33000cm does n o t
FIGURE 1
A b so rp t io n  S pec tra  o f  £ - n i t r o a n i l i n e  and i t s  N-m ethylated 
d e r i v a t i v e s  a t  25°C.
(a )  £ - N i t r o a n i l i n e
(b) N -M e th y l-£ -n i t ro a n iI in e
(c )  N ,N -D im e th y I-£ -n i t ro a n i l in e
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ap p ea r  i n  th e  p u b lish ed  s p e c t r a  r e l a t i n g  t o  t h i s  work, nor i s  i t  
accounted  f o r  in  any accompanying n - e le c t r o n  com puta tions*^’ The 
h ig h  energy  ~  45000cm * band was found to  be s h o r t - a x i s  p o la r iz e d .
No such d a ta  a re  a v a i l a b l e  f o r  th e  o- and m- s e r i e s .
On the o th e r  hand, w hile  Tanaka*^ concludes  from p o la r i z e d ,  
s i n g l e - c r y s t a l  a b s o r p t io n  s p e c t r a  t h a t  th e  31000cm * band o f  £ -  
n i t r o a n i l i n e  i s  indeed  lo n g -a x is  p o la r i z e d ,  he a l s o  b e l ie v e s  t h a t  
t h i s  band encompasses only one e l e c t r o n i c  t r a n s i t i o n  and t h a t  t h i s  
t r a n s i t i o n  d e r iv e s  from the  *Lfl s t a t e  of benzene ( P l a t t ' s  N o ta t io n ) .  
However, T an ak a 's  a n a ly s i s  may be b ia sed  i n  view o f  h i s  a s s o c i a t i o n  
w i th  th e  Nagakura-Tanaka concept o f  c h a r g e - t r a n s f e r  spectra*"* which 
p r e d i c t s  one symmetric, lo n g -a x is  p o la r iz e d  c h a r g e - t r a n s f e r  
t r a n s i t i o n  under th e  f i r s t  a b s o r p t io n  band o f  £ - n i t r o a n i l i n e .  The 
asym m etric  i n t e n s i f i c a t i o n  and skewing o f  th e  31000cm * t r a n s i t i o n  
o f  £ - n i t r o a n i l i n e  upon ap p ly in g  an e l e c t r i c  f i e l d ,  upon in c re a s in g  
th e  s o lv e n t  p o l a r i t y  o r  upon N -m ethy la tion  fav o u rs  the  p resence  o f  
two d i f f e r e n t l y  p o la r iz e d  t r a n s i t i o n s  a s  opposed to  j u s t  one long- 
a x i s  p o la r iz e d  t r a n s i t i o n .  F ur therm ore , th e  absence o f  th e se  
e f f e c t s  i n  o- and m- n i t r o a n i l i n e s  su g g es ts  t h a t  th e  low est-ene rgy  
a b s o r p t io n  band i n  th e s e  isom ers  c o n ta in s  e i t h e r  one e l e c t r o n i c  
t r a n s i t i o n  o r  a number of s i m i l a r l y  p o la r i z e d  t r a n s i t i o n s .  No 
f u r t h e r  ass ignm ents  can be made a t  t h i s  p o in t .
Severa l c a l c u l a t i o n s  a r e  a v a i l a b l e  f o r  th e  e l e c t r o n i c
12s t a t e s  o f  n i t r o a n i l i n e s .  Godfrey and M u rre l l  , u s in g  th e  charge-  
t r a n s f e r  model, p r e d i c t  the  p resen ce  o f  two charge t r a n s f e r
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t r a n s i t i o n s  under th e  low est energy  a b s o r p t io n  band o f  £ - n i t r o a n l l i n e :  
one symmetric ( i . e . ,  lo n g -a x is  p o la r iz e d )  and th e  o th e r  a n t i ­
symmetric ( i . e . ,  s h o r t - a x i s  p o l a r i z e d ) .  Only one t r a n s i t i o n ,  the  
a n t isy m m etr ic  v a r i e t y ,  i s  p r e d ic te d  to  l i e  under the  lo w e s t-en e rg y  
a b s o r p t io n  band o f o- and m- n i t r o a n i l i n e ; th e  symmetric t r a n s i t i o n ,  
i n  th e se  ca se s  i s  computed to  l i e  a t  ~  40000cm *. The Godfrey- 
M urre ll  model can e x p la in  th e  d ic h r o ic  e f f e c t s  in  th e  a b s o r p t io n  
s p e c t r a  and bo th  s o lv e n t  and N -m ethy la tion  e f f e c t s  on th e  
lum inescence s p e c t r a :  These p e r tu r b a t io n s  a f f e c t  th e  symmetric
c h a r g e - t r a n s f e r  t r a n s i t i o n  more than  th ey  do the  an tisy m m etr ic .  
However, in  view o f  th e  f a c t  t h a t  the  computed ground s t a t e  
d ip o le  moments a re  found to  be much s m a l le r  than  th e  ex p e r im en ta l  
v a lu e s ,  th e  G odfrey-M urre ll  model i s  s u s p e c t .
The Tanaka-Nagakura15 c a l c u l a t i o n s  p r e d i c t  on ly  one 
t r a n s i t i o n ,  th e  symmetric CT t r a n s i t i o n ,  to  l i e  under th e  lo w es t-  
energy  a b s o r p t io n  band envelope o f  £ - n i t r o a n i l i n e  whereas in  £ -  
and m- n i t r o a n i l i n e  two CT t r a n s i t i o n s  a r e  p r e d ic te d ,  one under 
th e  lo w es t-en e rg y  a b s o r p t io n  band and th e  o th e r  a t  40000cm *. The 
Tanaka-Nagakura c a l c u l a t i o n * 5 cannot accoun t fo r  the  d i c h r o i c
b ehav iou r  o f  th e  £ - d e r i v a t l v e s .
'  17L abhart  and W agniere performed PPP- type  c a l c u l a t i o n s  
on £ - n i t r o a n i l i n e  and N ,N - d im e th y l -£ - n i t ro a n i l in e .  T h is  c a l c u l a t i o n  
p r e d i c t s  two m u tu a lly  p e rp e n d ic u la r  t r a n s i t i o n s  to  occu r  under th e  
f i r s t  a b so rp t io n  band o f £ - n i t r o a n i l i n e  b u t  i t  cannot p rov ide  any 
a cco u n t  o f  th e  33000cm * sh o u ld e r .
31
We have perform ed CNDO/s-CI c a l c u l a t i o n  i n  th e  Del 
B en e -Ja ffe  form alism . However, th e se  com puta tions have no t y e t  
been ana lyzed .
32
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CHAPTER I I I
THE POLAR EXCIMER OF N, N-DIALKYL-JJ-CYANOANILINE
INTRODUCTION
During an in v e s t i g a t i o n  o f  the  e l e c t r o n i c  s p ec tro sco p y  o f  
h ig h ly - p o la r  a ro m a tic  m o lecu les ,  we had o ccas io n  to  s tu d y  the  
a b so rp t io n  and lum inescence sp ec tro sco p y  of some N ,N -d ia lk y l-£ -  
c y a n o a n i l in e s .  These compounds a re  o f  p a r t i c u l a r  i n t e r e s t  f o r  th e  
fo l lo w in g  re a s o n s :
 L ip p e r t ,  Luder and Boos^ (LLB) have re p o r te d  two lum inescences
fo r  th e se  m o lecu les  in  f l u i d  media. The two lum inescences
were a t t r i b u t e d  to  em iss iv e  r e l a x a t i o n s  from d i f f e r e n t l y -
2
so lv a te d  e x c i t e d  s t a t e s .  This  i n t e r p r e t a t i o n  led  B irks  to  a 
c a t e g o r i z a t io n  o f  the  phenomenon as a case  o f  "dua l 
lum inescence" , an a t t r i b u t i o n  w ith  which we d is a g r e e  and which 
a l s o  d i s c o r d s  w i th  the  o r i g i n a l  LLB model.
- - — N ,N -D ia lk y la n i l in e s  f u n c t i o n  as  good e l e c t r o n  donors  and
cyanobenzenes a c t  as good e l e c t r o n  a c c e p to rs  in  th e  course o f  
fo rm atio n  of th o se  ty p es  o f  e x c i te d  s t a t e  complexes which a re
/ r
known a s  * * " e x c ip le x e s " .  Indeed , th e  e x c ip le x  o f  donor 
N ,N -d im e th y lan il in e  (o r  N ,N -d ie th y la n i l in e )  w ith  th e  a c c e p to r  
cyanobenzene i s  w e l l  known^. In  the  case  o f  N ,N -d ia lk y l-£ -  
r v m o a n i l i n e ,  where th e  two s u b s t i t u e n t s ,  R2 N- and -CN, a re  
p re s e n t  on the  same r in g  s k e le to n ,  s im i l a r  " e x c ip le x  fo rm atio n "  
i s  to  be expec ted  bu t would, i f  i t  o c cu rs ,  be c l a s s i f i e d  a s  an 
"excim er" by v i r t u e  of th e  i d e n t i t y  o f  th e  two i n t e r a c t i n g  
m o lecu lar  s p e c ie s .
34
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— --C handross  and Thomas** have noted t h a t  N, N -d im e th y l-£ -cy a n o a n i l in e  
(NNDMPCA) e x h i b i t s  th r e e  d i f f e r e n t  f lu o re s c e n c e s  in  m ethy l-  
c y c lo h e x a n e /p r o p io n i t r i l e  s o lv e n t  m ix tu re s .  They p re s e n te d  
no d e t a i l s  nor d id  they  a t te m p t  any i n t e r p r e t a t i o n  of th e s e  
o b s e r v a t io n s .
7 - 9
 Cyanobenzene i s  known to  e x i s t  in  a d im e r ic  ground s t a t e
c o n f ig u r a t io n  in  which th e  s t a t i c  d ip o le  moments a re  a n t i ­
p a r a l l e l .  C o n ce n tra t io n  e f f e c t s  and e x c i t a t i o n  s tu d ie s  o f  
lum inescence in  N ,N -d ia lk y l -£ -c y a n o a n i l in e ^ °  su g g es t  th e  
e x i s t e n c e  of s im i l a r  ground s t a t e  dimer fo rm a tio n  in  t h i s  case 
a l s o .
- — --A number of w id e ly - v a r i a n t  v a lu e s  o f  s t a t i c  d ip o le  moment f o r  
e x c i t e d  NNDMPCA have been r e p o r te d .  The la rg e  d i s c r e p a n c ie s  
between d i f f e r e n t  a u th o rs  sugges t  th e  p o s s i b i l i t y  t h a t  th e  
v a r io u s  v a lu e s  might r e f e r  to  NNDMPCA in  bo th  d i f f e r e n t  e x c i te d  
s t a t e s  and in  d i f f e r e n t  d eg rees  o f  a s s o c i a t i o n .
N ,N -D im ethy l-£ -cyanoan iline  (NNDMPCA) and N ,N -d ie th y l-£ -  
c y a n o a n i l in e  (NNDEPCA) have been reported^" to  e x h i b i t  two d i f f e r e n t  
f lu o r e s c e n c e s  in  f l u i d  media. The r a t i o  o f  i n t e n s i t y  of t h e s e  two 
f lu o r e s c e n c e s  depends on tem p e ra tu re  and s o lv e n t  p o l a r i t y .  The two 
d i s t i n c t  f lu o re s c e n c e  bands, d e s ig n a te d  "a"  and "b" by LLB, were 
a s s ig n e d ,  in  o rd e r  o f  in c r e a s in g  en erg y , to  *Lfl “* *A^ and ^L^ -* ^A  ̂
e l e c t r o n i c  t r a n s i t i o n s ,  r e s p e c t i v e l y .  The s o lv e n t  p o l a r i t y  d e ­
pendence and the tem p e ra tu re  s e n s i t i v i t y  o f  th e  i n t e n s i t i e s  o f  the  
two em iss io n s  were th en  i n t e r p r e t e d  a s  fo l lo w s :  In  a n o n -p o la r
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medium, o r  in  a ran d o m ly -o r ien ted  p o la r  s o lv e n t ,  th e  L s t a t e  l i e s
e n e r g e t i c a l l y  h ig h e r  th a n  the  s t a t e ,  and th e  “• ^A^
f lu o r e s c e n c e  ap p ea rs .  In  a p o la r  s o lv e n t ,  the  i n t e r a c t i o n  w i th
s o lv e n t  m olecu les  low ers th e  energy  o f  a s t a t e  below t h a t  o f  the
s t a t e  and a r e d - s h i f t e d  -* f lu o re s c e n c e  r e s u l t s .  F i n a l l y ,
i n  a w e a k ly -p o la r  s o lv e n t ,  th e r e  a re  two a l t e r n a t i v e  lo w e s t-en e rg y
e x c i t e d  s t a t e s  o f  th e  m o le c u le - so lv e n t  system: The m olecule  in  a
s t a t e  surrounded by randomly d i s t r i b u t e d  s o lv e n t  m o lecu les ,  which
y i e ld s  th e  ^L. -• *A. f lu o r e s c e n c e ;  and th e  m olecule  in  a s t a t e  
d 1 a
surrounded by o r ie n te d  s o lv e n t  m olecu les  which y i e l d s  th e  "* ^A.fl X
f lu o r e s c e n c e .  The r e l a t i v e  degree  of o r i e n t a t i o n  o f  s o lv e n t  d ip o le s  
w ith  r e s p e c t  to  the  e x c i t e d  NNDMPCA s p e c ie s ,  and hence th e  r a t i o  o f  
th e  two f lu o r e s c e n c e s ,  should  th en  depend on th e  k i n e t i c  energy  o f 
s o lv e n t  m olecu les  ( i . e . ,  on tem p era tu re )  and on th e  s o lv e n t  p o l a r i t y .
We tak e  e x c e p t io n  to  th e  above r a t i o n a l i z a t i o n  f o r  the  
fo l lo w in g  re a s o n s :
( i )  The re p o r te d  energy  d i f f e r e n c e  between th e  n o n -so lv a ted  
e m i t t in g  s t a t e  and th e  so lv a te d  e m i t t in g  s t a t e  i s  j ^ .0 .8 e V  and 
seems r a t h e r  la rg e  to  be s o le ly  a t t r i b u t a b l e  to  s o lv a t io n  e f f e c t s .  
S o lv a te s  o f  the  s i m i l a r l y  p o la r  molecule N ,N -d im e th y l -£ - n i t ro a n i l in e  
have been d e t e c t e d ^  and can be e x c i t e d  on the  long-w aveleng th  edge 
o f  th e  lo w es t-en e rg y  a b s o r p t io n  band. The luminescence i s  indeed 
r e d - s h i f t e d ,  bu t th e  s h i f t  i s  on ly  O.leV.
( i i )  I t  i s  p o s s ib le  to  d e t e c t  th e  two f lu o r e s c e n c e s  of ty p e s  "a" & 
"b" in  s o lu t i o n s  o f  NNDMPCA in  h ig h ly - p o la r  s o lv e n t s
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( e . g . ,  e th y l a l c o h o l )  where on ly  type " a "  f lu o re sc e n c e  had been r e ­
p o r te d  p re v io u s ly .  Type "b" f lu o re s c e n c e  o f e th y la lc o h o l  s o lu t io n  
can be induced by e i t h e r  d i l u t i o n  or a c i d i f i c a t i o n .
( i i i )  The energy  o f  a c t i v a t i o n  f o r  the  presumed *L, “• in v e r s io n
O £1
p ro c e s s ,  a s  o b ta in e d  by LLB, c o in c id es  w i th  t h a t  energy  which i s  
c a l c u l a t e d  from th e  dependence o f  s o lv e n t  v i s c o s i t y  on te m p e ra tu re .  
T h is  c o in c id en ce  i n d i c a t e s  t h a t  the  p rim ary  a f f a i r s  under con­
s i d e r a t i o n  r e l a t e  t o  th e  f l u i d i t y  of th e  medium ( i . e . ,  to  d i f f u s i o n -  
c o n t r o l l e d  p r o c e s s e s ) .  F u r therm ore , th e  long-w ave leng th  "a" 
f lu o r e s c e n c e  d is a p p e a rs  on r a p id  f r e e z in g  o f th e  l i q u i d  s o lu t io n  t o  
a g l a s s ,  a phase in  which bo th  th e  " so lv a te d "  and the  " u n so lv a te d "  
ground s t a t e  m o lecu les  a r e  presumably f ro z e n  i n to  t h e i r  room- 
te m p e ra tu re  caged co n fo rm a tio n s .  This s e t  of o b s e r v a t io n s  i n d i c a t e s  
t h a t  an excim er em iss io n  n a tu re  f o r  th e  "a"  f lu o re s c e n c e  p ro v id e s  a t  
l e a s t  an e q u a l ly  v i a b l e  a l t e r n a t i v e  to  th e  s o lv e n t  r e o r g a n iz a t io n  
scheme o f LLB.
We have summarized our g e n e ra l  c o n c lu s io n s  on th e
luminescence c h a r a c t e r i s t i c s  of  N ,N -d im e th y l -£ -cy a n o a n i l in e  in  a
12r e c e n t  p u b l i c a t i o n  . We p r e s e n t  he re  th e  d e t a i l s  of a s tudy  o f 
th e  lum inescence o f  N ,N -d ia lk y l -£ - c y a n o a n i l in e s  in  f l u i d  media. Our 
i n t e n t  i s  a j u s t i f i c a t i o n  o f  th e  proposed excim er em ission  n a tu re  o f  
th e  "a" lum inescence .
EXPERIMENTAL
NNDMPCA (A ld r ic h  Chemical Company, I n c . )  and NNDEPCA 
( P f a l t z  and Bauer, I n c . )  were r e c r y s t a l l i z e d  a number o f  tim es from
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e th y la lc o h o l /w a te r  m ix tu re s ,  the  f i n a l  p u r i f i c a t i o n  s tep  be in g  a 
vaccum s u b l im a t io n .  A ll  s o lv e n ts  were " f l u o r i m e t r i c  g rade"  and 
were non -em iss iv e  a t  th e  l e v e l  o f  e x p e r im en ta l  s e n s i t i v i t y  needed 
in  t h i s  work.
Luminescence s p e c t r a  were d e te c te d ,  reco rded  and c o r re c te d
13using  an a p p a ra tu s  p re v io u s ly  d e sc r ib e d  . Temperature c o n t r o l  was
14achieved by s tan d a rd  methods . Samples were degassed  by s tan d a rd  
freeze-pum p-thaw  c y c le s  and a l l  ca re  was taken  t o  avoid pho to ­
decom position . At th e  end of each  e x p e r im en ta l  ru n ,  th e  t o t a l  
lum inescence spec trum  o f  th e  sample was reco rded  a t  77°K. In  a l l  
in s ta n c e s  r e p o r te d  h e re ,  the  spectrum  so t e s t e d  was found to  be 
i d e n t i c a l  to  t h a t  o f  th e  p re v io u s ly  n o n - i r r a d i a t e d  sample.
RESULTS AND DISCUSSION 
NATURE OF THE LUMINESCING SPECIES:
Room-temperature f lu o re s c e n c e  s p e c t r a  o f  NNDMPCA and 
NNDEPCA in  a v a r i e t y  o f  so lv e n ts  a re  shown in  F ig u re  1. In  non­
p o la r  m ethy lcyclohexane, the  sh o r t-w a v e len g th  "b" f lu o re sc e n c e
29000 cm *■) p redom ina tes .  A m oderate in c re a s e  o f  s o lv e n t  p o l a r i t y  
(such  a s  o c c u r s ,  f o r  example, in  b u ty lc h lo r id e )  caused an in d u c t io n  
o f th e  long-w aveleng th  "a"  f lu o re s c e n c e  ( ~  23750 cm *). The "a" 
f lu o re sc e n c e  s h i f t s  g ra d u a l ly  to  low er e n e r g ie s ,  a s  th e  s o lv e n t  
p o l a r i t y  i n c r e a s e s ,  be ing  s i t u a t e d  a t  rv 20900 cm  ̂ in  h ig h ly - p o la r  
e th y la c o h o l  s o lu t io n s  where i t  becomes the  so le  em ission .
In  l i g h t  of th e  item s to  which we have a l lu d e d  in  th e  i n ­
t ro d u c t io n ,  i t  i s  our c o n te n t io n  t h a t  th e  long -w ave leng th  "a"
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FIGURE I
R e p re se n ta t iv e  S p ec tra  of N ,N -d ia lk y l -p -c y a n o a n i l in e s  in  d i f f e r e n t  
s o lv e n ts  a t  27 + 2°C.
_______ 6 .4  x 10 ^ M-NNDEPCA in  m ethy lcyclohexane.
-4-----------  5 x 1 0  M-NNDEPCA in  b u ty lc h lo r id e .
1 .8 4  x  10“ 4 M-NNDEPCA in  d i e t h y l e t h e r .
1.47 x 10 M-NNDEPCA in  e t h y l a c e t a t e .
.............. 2 .6  x 10 ® M-NNDEPCA in  e th y la lc o h o l .
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f lu o r e s c e n c e  i s  an "cxciincr" em is s ion  and t h a t  th e  sh o r t -w a v e len g th  
"b" f l u o r e s c e n c e  i s  a "monomer" em is s io n .  This  c o n te n t io n  i s  
suppor ted  by the  fo l lo w in g  ex p e r im en ta l  d a t a :
( i )  The r a t i o  o f  the  two f lu o r e s c e n c e  i n t e n s i t i e s ,  I  / I ,  e x h i b i t s  aa b
c o n c e n t r a t i o n  dependence.  The 1^ i n t e n s i t y  i n c r e a s e s  upon d i l u t i o n ,  
and even becomes a p p a r e n t  i n  the  h i g h l y - p o l a r  e t h y l a l c o h o l  s o l u t i o n s .  
C o n ce n t r a t io n  e f f e c t s  a r e  most obvious  in  s l i g h t l y - p o l a r  s o lv e n t s  
( e . g . ,  dioxane) a s  shown in  F igure  2 (a) and a r e  l e a s t  apparen t  in  
no n -p o la r  and h i g h l y - p o l a r  s o lv e n t s  because o f  the  predominance of  
the  "b" o r  "a" f l u o r e s c e n c e s ,  r e s p e c t i v e l y ,  in  t h e se  s o lv en t  systems.
( i i )  The long-w ave leng th  "a"  f lu o r e s c e n c e  i n t e n s i t y  o f  NNDMPCA in  
e t h y l a l c o h o l  s o l u t i o n  d e c r e a s e s  upon a c i d i f i c a t i o n  and concomitant 
i n t e n s i f i c a t i o n  o f  the  sh o r t -w a v e len g th  "b" f l u o r e s c e n c e  occurs  as  
shown in  F igu re  2 ( b ) . A c i d i f i c a t i o n  l e a d s  to  p r o t o n a t i o n  o f  NNDMPCA, 
to  the  d i s ap p e a ra n ce  o f  th e  dimer a b s o r p t i o n  band (v id e  i n f r a ) ,  and 
to  a r e d u c t io n  i n  t h e  i n t e n s i t y  o f  the  ~  3300o cm  ̂ monomer a b ­
s o r p t i o n  band. However, the  em iss ion  s p e c t r a  of monomeric NNDMPCA in
7
both  e t h y l a l c o h o l  and a c i d i f i e d  e t h y l a l c o h o l  g l a s s e s  remain i d e n t i c a l  , 
i n d i c a t i n g  t h a t  th e  p ro to n a te d  s p e c i e s  d i s s o c i a t e s  in  the  e x c i t e d  
s t a t e  and t h a t  th e  e m i t t i n g  e n t i t y ,  i n  b o th  c a s e s ,  i s  the  un- 
p ro to n a ted  NNDMPCA. We i n t e r p r e t  t h e s e  o b s e r v a t io n s  by assuming 
t h a t  p r o t o n a t i o n  mere ly  d e c r ea se s  t h e  number of  g r o u n d - s t a t e  un- 
p ro to n a te d  NNDMPCA m olecu les  a v a i l a b l e  f o r  excimer t r a p p in g  of  t h e  
e x c i t e d  unpro tona ted  NNDMPCA s p e c i e s .
( i i i )  The long-wave leng th  f lu o r e s c e n c e  o f  NNDEPCA ( o r  NNDMPCA) i n
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FIGURE 2
(a )  F luo rescence  s p e c t r a  o f  NNDMPCA i n  dioxane a t  27 + 2°C. The 
two s p e c t r a  a r e  norm alized to  a common i n t e n s i t y  a t  AlOmp. The 
f lu o re sc e n c e  o f  the  monomer in  th e  co n ce n tra te d  s o lu t io n  i s  
d i s t o r t e d  by i n n e r - f i l t e r  e f f e c t s .
________ 2 .2  x 10"4 M-NNDMPCA
  -  8 .8  x 10"6 M-NNDMPCA
(b) E f fe c t  o f  p ro to n a t io n  on NNDMPCA f lu o re s c e n c e  a t  27 + 2°C.
_______  2 x 10 4 M-NNDMPCA in  e th y la lc o h o l .
-A-----------  2 x 10 M-NNDMPCA in  a c i d i f i e d  e th y la lc o h o l  (5% H C l.) .
(c) Quenching o f  NNDEPCA f lu o re s c e n c e  by a d d i t i o n  o f  N,N-Dimethyl-£- 
n i t r o a n i l i n e  a t  27 + 2°C.
  2 .1  x 10 ^ M-NNDEPCA in  e th y la lc o h o l .
-  -  -  -  a m ix tu re  o f  A.96 x 10 ^ M-NNDEPCA and 1 .03  x 10 ^M 
N ,N -d im e th y l -£ -n i t ro a n i l in e  in  e th y la lc o h o l .













<•1 liy I.iI colio 1 i s  quenched on adding  a non-f  lu o r e s c e n t  h ig h ly - p o la r  
n i l r u  compound of d ip o lo  monienL comparable to  t h a t  o f  NNDMPCA and o f 
s im i l a r  geometry. Such an e f f e c t  i s  shown in  F ig u re  2 ( c ) .  The 
a b s o r p t io n  spectrum  o f  the  m ixture  and the  t o t a l  em iss ion  o f  the  
g la s s y  s o lu t io n  a t  77°K a re  i d e n t i c a l  to  the  r e s p e c t iv e  sums o f 
a b s o r p t io n  s p e c t r a  and of em ission  s p e c t r a  o f  the  s e p a ra te  components. 
The l i f e t i m e  o f  NNDEPCA monomer and dim er em iss io n s  a re  u n a f fe c te d  by 
th e  added nitrocom pound, in d i c a t i n g  a l s o  th a t  no ground s t a t e  i n t e r ­
a c t i o n s  of s i g n i f i c a n c e  occur between NNDEPCA and N ,N -dim ethyl-£- 
n i t r o a n i l i n e . Thus, we i n t e r p r e t  the  quenching o f the  "a" 
f lu o r e s c e n c e  by assuming t h a t  N ,N -d im e th y l- j ) -n i t ro a n i l in e  competes
w ith  g r o u n d - s ta te  NNDEPCA m olecules  f o r  t ra p p in g  o f  e x c i te d  NNDEPCA
15m olecu les  a s  n o n - f lu o re s c e n t  "h e te ro -ex c irae rs"
Thus, the  assignm ent of the  long-w aveleng th  "a" 
f lu o re s c e n c e  o f  N ,N -d ia lk y l -p -c y a n o a n i l in e s  as  an excimer f lu o r e s c e n c e  
a c q u i r e s  some j u s t i f i c a t i o n .  C e r ta in ly ,  i t  i s  c o n s id e ra b ly  more 
d i f f i c u l t  t o  j u s t i f y  o b s e rv a t io n s  ( i )  - ( i i i )  on th e  b a s is  o f  a 
s o lv e n t  r e o r i e n t a t i o n  scheme.
The two f lu o r e s c e n c e s  denoted  "a"  and "b" possess  th e  same 
e x c i t a t i o n  spectrum  and t h i s  spectrum  r e p l i c a t e s  th e  monomer 
a b s o r p t io n  spectrum . A bsorp tion  s p e c t r a l  s t u d i e s ^ ,  however, a l so  
r e v e a l  the  e x i s t e n c e  o f  a weak long -w ave leng th  a b so rp t io n  band in  
the  300OU -  2600U cm ^ re g io n ,  an a b s o r p t io n  which has been a ss ig n e d  
to  (NNDMPCA)  ̂ d im ers . E x c i t a t io n  in  t h i s  band le a d s  to  a t h i r d ,  
d i s t i n c t l y - d i f f e r e n t  em ission  which maximizes in  th e  reg io n
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26000 - 25000 cm * and produces none o f  Che monomer o r  excim er 
e m is s io n s .  These r e s u l t s  a re  shown in  F ig u re  3. The e x c i t a t i o n  
spectrum  of t h i s  d im er em ission  i s  d i f f e r e n t  from th a t  o f  the  
monomer o r  excim er and encompasses bo th  th e  monomer and dimer 
a b s o r p t io n  peaks . In  sum, th e n ,  the  f lu o re s c e n c e  spectrum  of 
N ,N -d ia lk y l- j> -cy an o an il in e s  a t  room tem p e ra tu re  may c o n ta in  th re e  
f lu o re sc e n c e  bands w hich, in  o rd e r  o f  d e c re a s in g  energy correspond  
to  "monomer", "dim er" and "excim er" e m is s io n s ,  r e s p e c t iv e ly .
KINETIC SCHEME:
We suppose t h a t  th o se  k i n e t i c  ev en ts  a p p l ic a b le  f o r  
n o n -p o la r  excim ers  a l s o  occur f o r  h ig h ly - p o la r  excim ers . These s te p s  
a re  l i s t e d  in  Table 1. No t r i p l e t  s t a t e  s p e c ie s  a re  cons ide red  
because of th e  in v a r ia n c e  o f  our e x p e r im en ta l  r e s u l t s  to  a e r a t i o n  
o r  d eoxygena tion . Nor do we co n s id e r  any d im er-excim er i n t e r ­
co nvers ion  ev en ts  because o f  th e  mutual e x c l u s i v i t y  o f  t h e i r  
r e s p e c t iv e  e x c i t a t i o n  s p e c t r a .
In  a s tea d y  s t a t e  ap p ro x im a tio n , we may w r i te  th e  r a t i o  
o f  excim er to  monomer f lu o re s c e n c e  I n t e n s i t i e s  ( p r e v io u s ly  denoted
W  a a ;
^FE_ IjgE kEM[ M0]  1
S m kE + ^ME
TEMPERATURE DEPENDENCE OF FLUORESCENCE INTENSITIES:
The tem p e ra tu re  dependence o f  1-8 qual i t a t i v e ly
i d e n t i c a l  bu t q u a n t i t a t i v e l y  d i f f e r e n t  in  s o lv e n ts  of d i f f e r e n t  
p o l a r i t i e s  and can be summarized a s :
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FIGURE 3
A b so rp tio n  and f lu o re sc e n c e  s p e c t ra  o f  NNDEPCA i n  e th y la lc o h o l  a t  
27 + 2°C.
_ _ _ _ _ _  A bso rp tion  spectrum  o f  5 .25 x 10 ^M -so lu tion  in  a 0.5cm
p a th  le n g th .
-  -  -  -  F lu o rescen ce  o f  a 2 .1  x 10 ^M -so lu tion  e x c i t e d  a t  300m|J.. 
. F lu o rescen ce  o f  a 2 .1  x 10~^M~solutlon e x c i t e d  a t  345mp>.
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 - I n  s l i g h t l y  p o la r  s o lv e n ts  ( e . g . ,  d i e t h y l e t h e r  and b u ty l -
c h l o r i d e ) ,  in c re a s e s  w ith  d e c re a s in g  te m p e ra tu re ,  re a ch e s  a
maximum, and th en  d e c re a se s  as  shown i n  F ig u re s  4 (a&b). The 
te m p e ra tu re  a t  which i s  a niaximum, T^, i s  h ig h e r  th e  l a r g e r
th e  p o l a r i t y  o f  e i t h e r  th e  s o lv e n t  o r  th e  s o l u t e -
  In  h ig h ly  p o la r  s o lv e n ts  ( e . g . ,  e th y la lc o h o l )  on ly  the
descend ing  p a r t  o f  th e  curve i s  o b ta in e d  in  th e  tem pera tu re  range 
s tu d ie d  h e re .  I t  i s  presumed t h a t  l i e s  above room tem pera tu re  
i n  th e s e  i n s t a n c e s .  A ty p i c a l  r e s u l t  i s  shown in  F ig u re  4 ( c ) .
  In  n o n -p o la r  m ethy lcyclohexane, no excim er f lu o re s c e n c e  i s
observed  in  th e  same c o n c e n t ra t io n  and tem p era tu re  range which
was used in  th e  s tudy  o f  o th e r  s o lv e n t  system s. The monomer
f lu o re s c e n c e  in  t h i s  so lv en t  i n t e n s i f i e s  w i th  d e c re a s in g  te m p e ra tu re ,  
presumably because  o f  a d ec rea se  in  quenching e f f i c i e n c y  o r  an 
In c re a s e  in  c o n c e n t r a t io n  ( i . e . ,  volume sh r in k a g e ) .
In  o rd e r  to  i n t e r p r e t  th e  tem p e ra tu re  dependence o f  
iFfi/Ipji* we may r e w r i t e  Eq. 1 a s :
o “ ^ E M / ^ r L  -i
ig E  i  cM6  ̂ 0 ..................................   2
^  kFM ( k FE +  k QEe " ' V / R I  ♦  
where we assume t h a t ,  a s  i s  th e  case  f o r  n o n -p o la r  excim ers o f  
a ro m a tic  h y d r o c a r b o n s ^ ,  k^g and k ^  a r e  Independent o f  te m p e ra tu re .  
P l o t s  o f  lo g  Ig g /Ig j j  v s .  1/T a re  shown in  F ig .  5. The log
IpE^^FM v s .  1/T f u n c t io n a l  dependence, and th e  d ed u c tio n s  based  upon
i t ,  may now be summarized:
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FIGURE 4
Temperature dependence o f  Ip g / lp j j  N ,N -d ia lk y l -£ -c y a n o a n i l in e s  
i n  d i f f e r e n t  s o lv e n t s :
(a )  in  D ie th y le th e r
(b) in  B u ty lc h lo r id e
(c )  in  E th y la lc o h o l
—------- NNDMPCA s o lu te
________ NNDEPCA s o lu te
Arrows r e f e r  curves  to  th e  a p p r o p r ia te  s c a le .
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FIGURE 5
P l o t  o f  log  Ijrg /lp jj v s . 1/T i n  d i f f e r e n t  s o lv e n t s :
(a) In  D ie th ly e th e r
(b) in  B u ty lc h lo r id e
(c) in  E th y la lc o h o l
________ NNDMPCA s o lu te
-  -  -  -  NNDEPCA s o lu t e
Arrows r e f e r  curves t o  the  a p p ro p r ia te  s c a le .
(c)(a) ( b )
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( i )  In  an e th y la lc o h o l  s o lv e n t ,  a l i n e a r i t y  o f  n e g a t iv e  s lo p e  I s
o b ta in e d ,  i n d i c a t i n g  th e  predominance o f  th e  tem p era tu re  s e n s i t i v i t y
lo c a te d  in  th e  num erator ( i . e . , kpE »  + k ^ ) . The v a lu e s  of
£E th u s  o b ta in e d  a re  in  good agreem ent w i th  AE_ th e  energy  o f 
EM 11
a c t i v a t i o n  o b ta in e d  from p l o t s  o f  log  T| v s .  1/T where T) i s  th e
s o lv e n t  v i s c o s i t y .  Values o f  AE_„ and AE~ a re  ta b u la te d  in  Table 2.Erl 11
( i i )  For d i e t h y l e t h e r  and b u ty lc h lo r id e  s o lu t i o n s ,  the  p l o t s  o f
lo g  1^ / I ^  v s .  1/T a re  q u a l i t a t i v e l y  i d e n t i c a l  to  th o se  o b ta in ed
f o r  pyrene e x c i m e r s ^ .  At tem p e ra tu re s  h ig h e r  than  Tm, th e  l i m i t i n g
s lo p e  i s  p o s i t i v e ,  in d i c a t i n g  th e  predominance o f  some one o f  the
tem p e ra tu re  dependent terms in  th e  denom inator ( i . e . . ,  k^E »  k ^  +
k*_ o r k »  k + k _ ) .  At tem p e ra tu re s  lower th a n  T , th e  l l r a i t -  
ME ME FE QE si
ing  s lope  i s  n e g a t iv e ,  in d ic a t in g  th e  predominance o f  the  te rm  in  
th e  num era to r.  Thus, th e  l im i t i n g  s lo p es  p rov ide  v a lu e s  o f  AE^ 
which, a s  i s  e v id e n t  from Table 2, a re  in  good agreement w i th  AEjj.
( i i i )  The good correspondence  between th e  d i f f e r e n t  v a lu e s  o f  A E^ 
and AE  ̂ su g g es ts  t h a t  excim er fo rm atio n  in  N ,N -d ia lk y l -p -c y a n o a n i l in e s  
i s  a d i f f u s i o n  c o n t r o l l e d  p ro c e ss .  The v a lu e  o b ta in ed  by LLB fo r
th e  a c t i v a t i o n  energy  a s s o c ia b le  w i th  a presumed •* in v e r s io n  
p ro c e ss  was 3 .6  k c a l /m o le ,  in  somewhat p o o re r  agreement w ith  
th an  t h a t  computed here  on th e  b a s i s  o f  an  excim er model. The LLB 
model a t t r i b u t e d  th e  a c t i v a t i o n  energy  to  th e  s h i f t i n g  o f  s in g le  
s o lv e n t  m o lecu les  r e l a t i v e  to  each  o th e r  i n  th e  r e l a x a t i o n  p ro c e ss  
which supposed ly  led  to  the  lo w er-energy  so lv a te d  "a"  s t a t e .
( iv )  B irk s  e t . a l . ^  have sugges ted  t h a t  k ^  »  k ^  + k^E f o r  excim ers
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o f  p o ly c y c l i c  a ro m a tic  hydrocarbons. Assuming th e  same in e q u a l i t y  to  
hold f o r  excim ers  o f  N ,N -d ia lk y l -p - c y a n o a n l l ln e s ,  the  s lope  o f  the 
h igh  te m p e ra tu re  p a r t  o f  log  v s .  1/T p l o t  y i e ld s
which I s  th e  excim er b in d in g  en erg y , B. Values o f  B c a lc u la te d  in  
t h i s  manner a r e  t a b u la te d  i n  Table 2 and appear to  be I n s e n s i t i v e  
to  e i t h e r  s o lv e n t  p o l a r i t y  o r  s o lv e n t  v i s c o s i t y .  B inding e n e r g ie s  
o f  exc im ers  o f  a r o r u t i c  hydrocarbons e x h i b i t  a s im i l a r  i n s e n s i t i v i t y  
to  th e  n a tu re  o f  the  s o lv e n t
(v) Assuming t h a t  k ^  »  k ^  and t h a t  k ^  and k ^  a re  independent o f  
T, we can  r e w r i t e  Eq. 2 a s :
o . - » W %
*FE “pE 'it
‘V m CkP E +
At T . where n
we f in d
AE EM V *
Thus, i s  g iv en  by th e  sum o f  th e  a c t i v a t i o n  e n e r g ie s  o b ta in ed
from th e  low and h igh  tem p e ra tu re  l i m i t i n g  s lo p e s .  The v a lu e s  o f
which a r e  g iv en  i n  Table 2 i n d i c a t e  a g r e a t e r  dependence on 
the  n a tu r e  o f  t h e  s o lv e n t  th a n  on t h a t  o f  th e  s o lu t e .
SOLVENT EFFECTS:
The n a tu r e  o f  th e  s o lv e n t  has  a profound e f f e c t  on th e  energy  and
TABLE 2
Thermodynamic and Rate P a ra m e te rs  f o r  th e  
N ,N -D ia lk y l -£ -c y a n o a n i l in e  Excimer
S o lv en t
S o lv en t p r o p e r t i e s NNDMPCA NNDEPGA
^(3) e( a > 4E<b> T (d)m A E ^EM B<f >
T (d)
m EM B<f > ^FE
-kFM m
D ie th y le th e r 0 .2 4 .3 1 .9 8 190.8 1.57 2 .6 3 1.7 230 .4 1.47 2 .7 3 1 .9
(T) (20°C) (20°C)
B u ty lc h lo r id e 0 .405 7 .3 2. 0^°^ 196 .4 2 .4 4 2 .3 8 1 .1 246.3 2 .6 3 .0 1 .2
(T) (30°C) (20°C)
E th y la lc o h o l 1 .078 24 .55 3 .01 283 2 .5 8 (g) Cg) >300 2 .02 (g) (g)
(T) (2 5 °C) (25°  C)
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a )  Taken from r e f .  19; T\ i s  the  v i s c o s i t y  in  c e n t ip o i s e  and e i s  
the  d i e l e c t r i c  c o n s ta n t .
b) C a lcu la ted  from log T) v s . 1/T p l o t s  u s in g  T] v a lu e s  a t  d i f f e r e n t  
tem p e ra tu re s  a s  ta b u la te d  in :  "Handbook o f Chemistry and 
P h y s ic s"  (R.C. W east, e d . ) ,  The Chemical Rubber Company, 
C leveland , Ohio, 52nd e d i t i o n ,  1971.
c) C a lcu la te d  from th e  v a lu e s  o f  a t  15 and 30°C as  c i t e d  in  
fo o tn o te  a.
d) The tem p e ra tu re  (°K) a t  which 1 ^ / 1 ^  i s  a maximum.
e) A c t iv a t io n  energy (kcal/m ) c a lc u la te d  from  the s lo p e  o f  th e  low 
tem p era tu re  p o r t io n  o f  log I ^ / I ^  v s .  1/T p lo t s .
f )  Excimer b in d in g  energy  (kcal/m ) c a l c u l a t e d  from th e  s lo p e  o f  
th e  h ig h  tem p e ra tu re  p o r t i o n  o f  log  1/T P l 0 t a '
g) Data f o r  th e  h igh  tem p e ra tu re  p o r t i o n  o f  the  range  were n o t 
d e te r m in a b le .
h) The v a lu e  o f  k ^ / k ^  a t  Tm
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e m is s iv i ty  of h ig h ly - p o la r  N ,N -d ia lk y l -£ -c y a n o a n i l in e  excim er:
 The energy of excim er lum inescence i s  v e ry  s e n s i t i v e  to
so lv e n t  p o l a r i t y .  LLB r e p o r t  a l i n e a r  d e c rea se  o f the  frequency  of
th e  long-w ave leng th  f lu o re s c e n c e  a s  a f u n c t io n  o f  in c r e a s in g  
2
_ D -l n - 2 .. Since Af i s  a f a i r l y  good measure o f  the
2IH-1 2n2+ l  1?
o r i e n t a t i o n  p o l a r i z a t i o n  o f  the  s o lv e n t  , and s in ce  th e  frequency
d ec rea se  i s  v e ry  sharp , i t  fo l lo w s  t h a t  th e  excim er i s  n o t  only
p o la r  b u t  t h a t  an a c tu a l  in c re a s e  o f  d ip o le  moment i s  occasioned
18by th e  a c t  o f  excim er fo rm atio n
- - —-The i n t e n s i t y  of excim er lum inescence depends on s o lv e n t
v i s c o s i t y .  The so lv en t  v i s c o s i t y  a l t e r s  th o se  r a t e  c o n s ta n ts ,  such
as  k___ and k_w, which a re  d i f f u s i o n  c o n t r o l l e d .  As a r e s u l t ,  the  
LM QM
r a t i o  I ^ / I ^  f o r  NNDMPCA i n  two s o lv e n t s  o f  d i f f e r e n t  v i s c o s i t i e s  
and s im i l a r  p o l a r i t i e s  d e c re a se s  c o n s id e ra b ly  as th e  v i s c o s i t y  
in c r e a s e s .  Such an e f f e c t  i s  shown in  T ab le  3 f o r  s o lu t io n s  in  
e th y la lc o h o l  and p ropylene  g ly c o l .
—  - - S o lv e n t  p o l a r i t y  a l s o  a f f e c t s  the  i n t e n s i t y  r a t i o  As
shown in  Table 3 fo r  two s o lv e n ts  o f  d i f f e r e n t  p o l a r i t i e s  and s im i la r
v i s c o s i t i e s ,  m ethylcyclohexane and e th y l a l c o h o l ,  e x h ib i t s  a
s i g n i f i c a n t  in c re a s e  in  th e  s o lv e n t  o f  l a r g e r  p o l a r i t y .
  S p e c i f ic  s o lv e n t - s o l u t e  and s o lv e n t - s o lv e n t  i n t e r a c t i o n s  a l s o
appear to  a l t e r  the  r a t i o  I _ _ / I _ - .  LLB found t h a t  a p l o t  o f  log
1 b  JbM
^FE^FM —  ‘ ^  W3S ^ n e a r » ^  one a llow ed f o r  a c o n s id e ra b le  s c a t t e r
of th e  ex p e r im en ta l  d a ta .  A r e p l o t  of t h e i r  d a ta  i s  g iv en  in
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F ig u re  6, w here in  i t  i s  seen th a t  two l i n e a r i t i e s ,  each  r e p r e s e n t a ­
t i v e  o f  a fam ily  o f  so lv e n ts  of s im i l a r  chem ical s t r u c t u r e ,  a re  
g e n e ra te d .  Thus, w h ile  o r i e n t a t i o n  p o l a r i z a t i o n  e f f e c t s  due to  
th e  s o lv e n t  a r e  u n q u es t io n ab ly  im p o r ta n t ,  we must a l s o  conclude 
t h a t  s p e c i f i c  s o lv e n t - s o l u t e  i n t e r a c t i o n s ,  which a re  r e l a t e d  t o  
the  chem ical s t r u c t u r e  o f the  two s o lv e n t  s e r i e s ,  a re  n o t w ith o u t  
s ig n i f i c a n c e .  Indeed , one might go f u r t h e r  and a s s e r t  t h a t  
a l c o h o l i c  s o lv e n t s ,  a l l  of which c l u s t e r  in  a sm all re g io n  o f  th e  
log  Ipg/IpM v s .  Af p l o t ,  r e p r e s e n t  an in s ta n c e  in  which s p e c i f i c  
s o l v e n t - s o l u t e  and s o lv e n t - s o lv e n t  i n t e r a c t i o n  ( e . g . ,  hydrogen 
bonding) might v e ry  w ell be l a r g e r  th a n  i n t e r a c t i o n s  o f  d ip o le -  
d ip o le  ty p e .  In  th e  same v e in ,  i t  i s  a l s o  no tew orthy  th a t  the
correspondence o f  AE^ and AE-n in  e th y la lc o h o l  s o lu t i o n  i s  r a t h e r
E M  'I
poor compared to  t h a t  in  o th e r  s o lv e n t s ,  a g a in  d en o t in g  th e  p o s s ib le
im portance of s p e c i f i c  in te rm o le c u la r  "chem ica l"  i n t e r a c t i o n s .
 --The n a tu re  o f  the  so lv e n t  may a l s o  a f f e c t  th e  r a d i a t i v e  r a t e
c o n s ta n ts .  We have no f lu o re sc e n c e  l i f e t i m e  d a ta  a v a i l a b l e  and,
consequen tly , we cannot be s p e c i f i c  on th e  e f f e c t  o f  so lv e n t  on the
r a t e  c o n s ta n ts  k^g and fo r  NNDMPCA. The a v a i l a b l e  d a ta  f o r
20n o n -p o la r  pyrene excim ers would su g g e s t ,  however, t h a t  kgg i s
independent o f  e i t h e r  so lv e n t  p o l a r i t y  o r  v i s c o s i t y ;  on the  o th e r
hand, k ^  f o r  p o l a r  naphthylam ines and 5 -d im ethy lam inonaphtha lene  
21 22-1-su lphonam ide  * does decrea se  a s  th e  s o lv e n t  p o l a r i t y  in c r e a s e s .  
This  l a t t e r ,  i f  a l s o  t r a n s f e r a b l e  to  kpg, may w e l l  be an im portan t 
f a c t o r  f o r  the  lum inescence c h a r a c t e r i s t i c s  o f  p o la r  excim ers .
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FIGURE 6
P l o t  o f  log  Ipg /lpp j v s * Af (from d a ta  o f  LLB). P o in t s  a re  i d e n t i f i e d  
a s  fo l lo w s :
1 ) ,  D ioxane; 2 ) ,  T e tra h y d ro fu ra n ;  3 ) ,  B u ty le th e r ;  4 ) ,  A c e t ic  a n h y d r id e ;  
5 ) ,  B e n z y la c e ta te ; 6 ) ,  E t h y l a c e t a t e ; 7 ) ,  D i e t h y l e t h e r ; 8), L soP ropano l; 
9 ) ,  E th an o l ;  10 ) ,  C yclohexanol; 11), n -P ro p an o l;  12), T e t r a c h lo ro -  
e th a n e ;  13 ) ,  o -D ich lo ro b en zen e ; 14), Bromobenzene; 15 ) , T r i -  
f l u o r o t o l u e n e ; and 16) Chlorobenzene.
A lcoho ls  a r e  i d e n t i f i e d  by c i r c l e s ;  e t h e r s ,  e s t e r s  and a n h y d rid e s  a re  
i d e n t i f i e d  by s q u a re s ;  and h a l id e s  a re  i d e n t i f i e d  by t r i a n g l e s .
2*0 Z * 0 1*0 0*0











S o lven t Dependence of the  
Excimer/Monomer F lu o rescen ce  I n t e n s i t y  R atio  At Room Temperature
S o lven t -q(a ) e(a)
^FE^^FM
NNDMPCA NNDEPCA
D ie th y le th e r 0 . 2 3 3 ^ 4 .3 3 5 (b) 0 .1 2 .75
B u ty lc h lo r id e 0 .4 0 5 (c ) 7.39 ^b) 0 .6 3 .5
E th y la lc o h o l 1 . 0 7 8 ^ 24.55 (d) 13.5 18.0*e )
M ethylcyclohexane 0 .7 3 4 (b) 2.07 (b) 0 0
Propy lene  g ly c o l 56.0  <b> 3 .2  *b) 3 .6
E th y la c e ta te 0 . 4 4 1 ^
0 .4 5 5 (b)
6.02  ^ 5 .2 ( f ) 5.7
a )  7] I s  v i s c o s i t y  in  c e n t ip o i s e  and e i s  th e  d i e l e c t r i c  c o n s ta n t ;  
taken  from r e f .  19.
b) a t  20°C
c) a t  30°C
d) a t  25°C
~ 6e) A 2x10 M -so lu tio n  was used in  o rd e r  to  r e t a i n  and I__ onrh
s c a l e .  For c o n c e n t r a t io n  in  th e  range 10 ^ - 10 we f in d
9 0  4  V 1 ™ s  1 0 0  •
■ /l
f )  From LLB, f o r  a 10 M -so lu tio n .
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We now emphasize t h a t  th e  I n t e n s i f i c a t i o n  o f  th e  excim er
f lu o r e s c e n c e  i n t e n s i t y  o f  NNDMPCA (o r  NNDEPCA) which o ccu rs  in
p o la r  s o lv e n t s  i s  c o n t ra ry  t o  the  b ehav iou r  observed f o r  h ig h ly -
23 24p o la r  e x c ip le x e s  where an o p p o s i te  e f f e c t  i s  r e a d i l y  observed *
The quenching o f  e x c ip le x  f lu o re s c e n c e  w hich occurs  in  p o la r
s o lv e n t s  has been a t t r i b u t e d  to  th e  fo rm a tio n  of n o n - f lu o re s c e n t
so lv a te d  i o n - p a i r s ,  the  e x is t e n c e  o f  which i s  a ssu re d  by th e
25d e t e c t i o n  o f  the  t r a n s i e n t  ♦* a b s o r p t io n  sp e c t ra  o f  th e  io n i c
s p e c ie s .  A s im i l a r  quenching has been observed  f o r  in t r a m o le c u la r
6 26e x c ip le x e s  in  p o la r  s o lv e n t s  ' . However, th e  quenching o f  the
e x c ip le x  f lu o r e s c e n c e  i n t e n s i t y  which o ccu rs  in  p o la r  s o lv e n ts
becomes l e s s  a p p a ren t  as  th e  c h a r g e - t r a n s f e r  c h a r a c te r  o f  th e  ex-
27c ip le x  becomes sm a l le r  ( i . e . ,  a s  the  e x c ip le x  approaches  the  case  o f  
28'a h e te ro -e x c im e r  ) .  Thus, the  im portance o f  i o n - p a i r  fo rm atio n  in
quenching m ight appea r  to  be in a p p l ic a b le  in  the  case  o f  a t ru e
excim er where one might e x p ec t  charge resonance  bu t no charge
t r a n s f e r .  In  t h i s  s en se ,  th e  non-quenching of excim er f lu o re s c e n c e
i n  p o la r  s o lv e n ts  need no t be construed  a s  anomalous.
We i n t e r p r e t  th e  i n t e n s i f i c a t i o n  o f 1^ f o r  NNDMPCA in
p o la r  s o lv e n t s  in  one o r  b o th  o f  two ways. F i r s t l y ,  an in c re a s e  o f  
1 *
th e  l i f e t i m e  o f M s p e c ie s  in  p o la r  s o lv e n t s ,  as  observed fo r
5 -d im ethy lam inonaph tha lene-l-su lphonam ide  would le ad  to  a l a r g e r
1 * 1number o f  c o l l i s i o n s  o f  M and Mq s p e c ie s  and, hence, to  a h ig h e r  
p r o b a b i l i t y  o f  excim er fo rm a tio n .  Secondly , s o lv e n t - s o l u t e  and 
s o lv e n t - s o l v e n t  s p e c i f i c  i n t e r a c t i o n s  and d ip o le - d ip o le  i n t e r a c t i o n s
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may le ad  to  a modicum of long -range  o rd e r  in  the  s o lu te - s o lv e n t
system. I f  such an o rd e r in g  produced an arrangem ent of t r a n s i t i o n
d ip o le s  s u i t a b l e  to  excim er fo rm a tio n ,  i t  might be expected  to  have
a la r g e  a f f e c t  on th e  p r o b a b i l i t y  o f  fo rm atio n  of a h lg h ly - p o la r
29excim er. Such an e f f e c t  has been p o s i te d  in  the  fo rm atio n  of 
n o n -p o la r  excim ers.
GEOMETRY AND DIPOLE MOMENT OF EXCIMERS:
The mutual e x c l u s i v i t y  of the  dimer and excimer e x c i t a t i o n
s p e c t r a  su g g es ts  t h a t  they a re  g e o m e t r ic a l ly  d i s s i m i l a r  and th a t
they  a re  not r e a d i l y  i n t e r c o n v e r t i b l e  w i th in  the  l i f e  time o f  any
12of the  e x c i t e d  s i n g l e t  s t a t e s  . I f  the  dimer p o sse sse s  an 
a n t i - p a r a l l e l  d ip o le  c o n f ig u ra t io n ^ ,  i t  fo llow s  th a t  t h i s  s o r t  of 
geom etric  g roup ing  does not apply  f o r  the  excim er. Furtherm ore , 
s in ce  the  s t a t i c  d ip o le  moment of th e  excim er i s  a s s u re d ly  l a r g e r  
than th a t  o f  e i t h e r  o f  i t s  components, w hether they  be in u d
or ^L^ s t a t e s ,  i t  fo llow s  t h a t  a p a r a l l e l  (o r  n e a r ly  p a r a l l e l )  
d ip o le  c o n f ig u ra t io n  r e p r e s e n t s  a good i n i t i a l  approx im ation  to  th e  
excim er geometry.
J!ie s u b je c t  o f  s t a t i c  d ip o le  moments f o r  the  v a r io u s  
s t a t e s  of. NNDMPCA i s  q u i te  co n fu s in g . That o f  the  s t a t e  i s  
6.6D. That o f  the  s t a t e  which em its  the  "a" (o r  "excim er") 
f lu o r e s c e n c e ,  as  determ ined by LLB from s tan d a rd  Stokes s h i f t s  v s .
Af argum ents, i s  23D. That o f  the  s t a t e ,  which em its  the  "b"
(o r  monomer, o r  ^L^ -* ^S^) lum inescence, a s  determ ined by us from 
Stokes s h i f t s  vjs. Af argum ents, i s  18D. This  l a s t  v a lu e ,  in
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p a r t i c u l a r ,  ap p ea rs  to  be much too  la rg e .  The t r a n s i t i o n
i s  s h o r t - a x i s  p o la r iz e d  and i t  i s  d i f f i c u l t  to  see how i t  might 
produce any s i g n i f i c a n t  charge s e p a r a t io n  a lo n g  th e  lo n g -a x is  o f  
th e  m o lecu le . I f  t h i s  argument be c o r r e c t ,  one th en  might ex p ec t  
th e  d ip o le  moment o f  the  s t a t e  to  be no t much l a r g e r  th an  6.6D.
I f  so , one must im m ediate ly  conclude t h a t  th e  Stokes s h i f t  approach  
le ad s  to  a g ro s s  o v e r - e s t im a t io n  o f  p. -  v a lu e s  o r t h a t  p. i s  l a r g e l y  
s o lv e n t -d e te rm in e d .  In  any e v en t ,  g r a n t in g  comparable o v e r - e s t im a t io n  
f o r  th e  two p, - v a lu e s  a s s o c ia b le  w i th  the  lum inesc ing  s t a t e s ,  one 
n o te s  t h a t  6 .6  + 18 -  2 4 .6D and t h a t  th e  c lo se n e s s  o f  t h i s  number to  
23D p ro v id e s  su p p o rt  fo r  th e  idea  t h a t  the  excim er c o n s i s t s  o f  a 
and a m olecule a rra n g ed  in  a p a r a l l e l  d ip o le  c o n f ig u ra t io n .  
N o n e th e le ss ,  in  view o f a l l  the  o th e r  c o n f l i c t i n g  d ip o le  moment d a ta  
which e x i s t s  f o r  NNDMPCA, we must conclude t h a t  th e  above argum ents 
a re  q u i t e  s p e c i o u s ^ .
CONCLUSIONS 
The co n c lu s io n s  o f  t h i s  work a r e :
1. The c o n c e n t r a t io n  dependence o f  th e  lum inescence i n t e n s i t y ,  and 
th e  e f f e c t s  o f  e x te r n a l  quenchers on i t ,  su g g es t  th a t  th e  long - 
w aveleng th  f lu o re s c e n c e  o f  N ,N -d ia lk y l-£ -c y a n o a n i l in e s  can be 
a ss ig n e d  a s  an excim er f lu o re s c e n c e .
2. S o lu t io n s  o f  N ,N -d ia lk y l -£ -c y a n o a n i l in e s  e x h i b i t  th re e  
f lu o re s c e n c e  s p e c t r a .  These co rre spond , i n  o rd e r  o f  in c r e a s in g  
en erg y , to  monomer, dim er and excim er lum inescences , r e s p e c t i v e ­
ly .  The lum inescence o f  c r y s t a l l i n e  NNDMPCA i s  s o le ly  t h a t  o f  
th e  dim er.
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CHAPTER IV
A SELF-COMPLEX OF N,N-DIALKYL-£-CYANOANILINES
INTRODUCTION
The t o t a l  lum inescence spectrum  of s o lu t i o n s  o f  N ,N -d ia lk y l
-£ - c y a n o a n i l in e s  may c o n s is t*  o f  f i v e  d i f f e r e n t  em iss iv e  e v e n ts :  Two
phosphorescences  and th r e e  f lu o r e s c e n c e s .  The lo n g e s t  w avelength
2
f lu o r e s c e n c e  has been d e sc r ib e d  in  some d e t a i l  and has been 
a s s ig n e d  to  an  excim er lum inescence. The f lu o re s c e n c e  and
phosphorescence  o f  s h o r t e s t  w avelengths r e f e r  t o  monomer em iss io n
1 1  3 1e v e n ts  o f  p ro b ab le  L. "* and L "♦ Sn ty p e s ,  r e s p e c t i v e l y .  I t
d u  a u
i s  th e  c o n te n t io n  o f  t h i s  paper t h a t  th e  f lu o re s c e n c e  o f  in te rm e d ia te  
w aveleng th  and th e  phosphorescence  o f  lo n g e s t  w aveleng th  r e p r e s e n t  
th e  em iss iv e  o u tp u t  o f  a s e lf -c o m p lex  which we w i l l ,  h e n c e fo r th ,  
r e f e r  to  a s  a d im er, and which, u n l ik e  th e  excim er, i s  s t a b l e  when 
th e  monomer components o f  th e  s e lf -c o m p lex  a re  i n  t h e i r  *Sq ground 
s t a t e s .
A l l  e x p e r im e n ta l  te ch n iq u es  used h e re  have been d e sc r ib e d  
p re v io u s ly *  ^ and w i l l  no t be d is c u s s e d  f u r t h e r .
RESULTS
ABSORPTION SPECTRA
The long-wave le n g th  a b s o r p t io n  s p e c t r a  o f  N,N-dimethyl-j>-
c y a n o a n i l in e  (NNDMPCA) and N ,N -d ie th y l -£ -c y a n o a n l l in e  (NNDEPCA) a re
shown i n  F ig .  1. The spectrum  c o n ta in s  two d i s t i n c t  a b s o r p t io n
f e a t u r e s : An in te n s e  band in  th e  re g io n  33000 ^  v £ 34500cm * w ith
4 -1  -1e =“ 2x10 I  m cm ; and a weak band o f  much low er a b s o r p t i v i t y  i n  th e  
r e g io n  29000 £ v s. 31000 cm"*.
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FIGURE 1
A b so rp tio n  s p e c t r a  o f  ( a ) ,  NNDMPCA and (b ) ,  NNDEPCA a t  25°C. 
_ _ _ _ _  In  m ethylcyclohexane 
-----------  In  e th y la lc o h o l




















The i n t e n s i t y  of t h i s  weak band i s  10 tim es  l e s s  than
t h a t  o f  th e  33000cm * band and i s  q u i te  s e n s i t i v e  to  s o lv e n t  p o l a r i t y ,
being  l a r g e r  i n  p o la r  s o lv e n ts  and alm ost a b se n t  in  n o n -p o la r  media.
The i n t e n s i t y  o f  the  weak band i s  a l s o  s e n s i t i v e  to  tem p era tu re  and
o
i s ,  f o r  example, r e a d i l y  d e t e c t a b l e  i n  hydrocarbon g la s s e s  a t  77 K.
I t  i s  t h i s  weak band which we a s s ig n  to  th e  ^Sq a b s o r p t io n
ev en t  in  th e  dim er.
The in te n s e  band encompasses a t  l e a s t  two d i s t i n c t
a b s o r p t iv e  ev en ts  o f  th e  monomer. These two e v e n ts ,  i n  a n o n -p o la r
5-7environm ent and in  o rd e r  o f  in c r e a s in g  energy , a re  th ough t to  be
*L. «" and e x c i t a t i o n s .  S ince th e  s t a t e  p o s se sse sD O  a U a
a s i g n i f i c a n t  charge t r a n s f e r  c h a r a c t e r i s t i c  and i s  h ig h ly  p o la r ,  i t  
i s  a l s o  thought"*  ̂ t h a t  th e se  two s t a t e s ,  & ^1^, can i n t e r ­
change t h e i r  r e l a t i v e  energy  p o s i t i o n s  and t h a t ,  in  h ig h ly - p o la r
s o lv e n t s ,  the  *♦ ^Sq can be o f  lower energy  th a n  th e  ** ^Sq
2
t r a n s i t i o n .  Indeed , t h a t  em iss io n  now i d e n t i f i e d  a s  an excim er
5-7 1 1f lu o re s c e n c e  was p re v io u s ly  a ss ig n e d  to  a "* Sq p ro c e ss  o f  
a h ig h ly - s o lv a te d  NNDMPCA monomer.
In  s l i g h t l y  a c id  m edia, th e  ~  29000cm * band d is s a p p e a r s  
and th e  i n t e n s i t y  o f  th e  rw 33000cm * band d e c r e a s e s .  These e f f e c t s  
a r e  e x a c t ly  r e v e r s i b l e  upon n e u t r a l i z a t i o n  w ith  NĤ OH s o lu t io n s  and 
may be r e g e n e ra te d ,  a t  w i l l ,  a s  long a s  th e  a c i d i t y  rem ains  low.
Such e f f e c t s  a r e  shown in  F ig .  2. The d e c re a se  o f  i n t e n s i t y  in  the
"1 8 ~  33000cm band i s  r e a d i l y  r a t i o n a l i z e d  : F r o to n a t io n  o f  th e  amino
group le a d s  to  a d e c rea se  o f  th e  charge t r a n s f e r  c h a r a c t e r i s t i c  o f
FIGURE 2
Room te m p e ra tu re  a b s o r p t io n  s p e c t r a  o f  NNDMPCA in  n e u t r a l  and 
a c id  media.
________ E th y la lc o h o l
_ E th y la lc o h o l ,  1% h y d ro c h lo r ic  a c id .
  E th y la lc o h o l ,  5% h y d ro c h lo r ic  a c id .
S e ts  (a) and (b) r e f e r  t o  0 .1  and 1cm c e l l s ,  r e s p e c t iv e ly .













th e  +■ monomeric ev en t and removes t h i s  t r a n s i t i o n  to  a new a 0
energy  lo c a t io n .  The d isap p e a ra n ce  o f th e  ~  29000cm * band, how­
e v e r , i s  n o t r e a d i ly  e x p l ic a b le  a lo n g  such  l i n e s .  I t  i s  a ls o  w e ll 
to  em phasize th a t  th e  r e v e r s i b i l i t y  w hich p e r ta in s  to  w eakly a c id  
media does no t ho ld  a t  h ig h e r  a c id  s t r e n g th s :  Chemical r e a c t io n  o f
an  i r r e v e r s i b l e  s o r t  s e t s  in  a t  h ig h  pH.
N e ith e r  th e  ^  33000 n o r th e  29000cm ^ bands obey the  
B eer-Lam bert law : The form er i n t e n s i f i e s  and th e  l a t t e r  weakens a s
th e  c o n c e n tra t io n  o f th e  a b so rb e r  d e c re a se s . Such e f f e c t s  a re  
shown in  F ig . 3. I t  i s  su g g es te d , th e r e f o r e ,  t h a t  th e  29000cm *
band r e f e r s  to  some s o r t  o f s o lu te - s o lu te  a s s o c ia t io n  (o r  s e l f -
-1
complex) and th a t  o n ly  th e  33000cm band r e f e r s  to  a t r u ly
monomeric a b s o rp tio n  e v e n t. The p o s s i b i l i t y  o f  a s s o c ia t io n ,  in -
9-12deed, i s  n o t v e ry  s u r p r is in g :  I t  i s  known th a t  o rg a n ic  n i t r i l e s
13e x i s t  a s  d im ers in  th e  l iq u id  s t a t e ;  i t  i s  known th a t  cyanobenzene 
forms d ip o le - d ip o le  d im ers in  w hich th e  d ip o le  o r ie n ta t io n s  a re  a n t i ­
p a r a l l e l  ; and i t  i s  o n ly  to  be ex p ec ted  th a t  th e  s im i la r  (and 
c o n s id e ra b ly  m o re -p o la r)  N ,N -d ia lk y l-£ -c y a n o a n ilin e s  would do l i k e ­
w ise .
I f  we assume a d im er s to ic h io m e try , we can d e term in e  a 
fo rm a tio n  c o n s ta n t ,  K. The o p t i c a l  d e n s i ty  o f  th e  ~  33000cm * band 
i s
D = e c f ( l - a )
where e & c a re  monomer e x t in c t io n  and c o n c e n tra t io n , r e s p e c t iv e ly ;  
where I  i s  p a th  le n g th ;  and a i s  th e  d e g re e  o f  a s s o c ia t io n .  A
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FIGURE 3
E f fe c t  o f  c o n c e n tra tio n  on room tem p era tu re  a b s o rp tio n  s p e c tra  o f  
NNDMPCA in  d i f f e r e n t  s o lv e n ts .
(a)   5.97x10 S i ,  0.1cm c e l l .
-4_________ 2.97x10 M, 0.1cm c e l l .
 —— 1.19x10 S i, 2.5cm c e l l .
In  an e th y la c e ta te  s o lv e n t .
(b)   8.36x10 S i ,  0 . 1 cm c e l l .
_________  3.34x10 S i ,  0 . 1 cm c e l l .
-------------  1.34x10 Si, 2.5cm c e l l .







monomer-dimer e q u il ib r iu m  le a d s  to
D = ec i  - D2 K/ €*
Hence, i f  th e  a b so rp tio n  s p e c tra  o f  two s o lu t io n s  o f d i f f e r e n t  c b u t 
c o n s ta n t eg  a re  o b ta in e d , i t  fo llo w s th a t
= D1 -D 2  = (D2/ i z -  D2 / Al)K /e
S ince  6  may be determ ined  f o r  a v e ry  d i l u t e  s o lu t io n ,  i t  fo llo w s  th a t  
K i s  o b ta in a b le .  D ata so p ro cessed  a re  shown in  T ab le  1. Given the  
s u p p o s it io n  o f a d im er s to ic h io m e try , i t  fo llo w s  th a t  K^iO J & / m .  I t  
a l s o  fo llo w s  th a t  K i s  sm a lle r  (an d , hen ce , th e  e x t in c t io n  co­
e f f i c i e n t  o f  the  29000cm * dim er band i s  la r g e r )  i n  p o la r  m edia. The 
d a ta  o f T ab le  2 f o r  NNDMPCA a re  p a r a l l e l  in  most re g a rd s  to  th o se  fo r  
NNDEPCA e x cep t th a t  K f o r  th e  l a t t e r  s o lu te  i s  somewhat s m a lle r .
C o n sid e rab le  r e s o lu t io n  i s  e x e m p lif ie d  in  o rg a n ic  g la s s e s  
a t  77°K and i s  i l l u s t r a t e d  in  F ig . 4 . These s p e c tra  a re  rem arkab le  
f o r  two re a so n s :
- — --T he spectrum  can be re so lv e d  in to  two d i s t i n c t  v ib r o n ic  
p ro g re s s io n s , I  & I I  o f  Table 2, each  w ith  an av erag e  i n t e r v a l  o f 
rv 1750cm S ince th e  C^l s t r e tc h in g  freq u en cy  o f th e  *Sq s t a t e  
l i e s ^ '* ^  a t  2230cm * in  NNDMPCA, s in c e  th e  sym m etric r in g - b r e a th in g  
v ib r a t io n  l i e s ^  a t  1600cm \  and s in c e  our own Raman and IR d a ta  
in d ic a te  a com plete absence  o f v ib r a t i o n a l  f r e q u e n c ie s  in  th e  1600 - 
2200cm * range f o r  b o th  th e  c r y s ta l  and s o lu t io n s  o f  NNDEPCA, we f e e l  
c o n fid e n t t h a t  th e  ^  1750cm * freq u en cy  r e p r e s e n ts  a C^N s t r e tc h in g  
mode in  th e  e x c ite d  s t a t e ( s ) .
FIGURE 4
A b so rp tio n  s p e c tra  o f NNDEPCA in  3 -m ethy lpen ta
..............  2 .3x10 ^M, 0.5cm c e l l  a t  25°C.
________ Same s o lu t io n ,  0.4cm c e l l  a t  77°K.
1.15x10 ^M, 0.5cm c e l l  a t  25°C.



















EQUILIBRIUM CONSTANT FOR THE DIMER OF NNDMPCA AT 25°C'
S o lv en t
Dioxane
E th y la c e ta te
A c e to n i t r i l e
Dime th y I-fo rm a  mide
c £ e f  d K) K /e  e Kc
(m / 1 ) (cm) ( x l0 ‘ 5) CxlO"3) (xlO - 4 ) (x lO "2)
3 .3 4 x l0 ’ 4  0 .1  0 .8 6  2 .59
3 .3 4  0 .0 3 5  4 .9  1 .3
-5 d
1 .34x10 2 .5  0 .9 0  2 .69
2 .9 9 x l0 - 4  0 .1  0 .7 9  2 .6 4
.-5
2 .9 9  0 .0 3  5 1 .4
d
1 .2  xlO ■* 2 .5  0 .8 2  2 .7 4
2 .8 4 x l0 * 4 0 .1  0 .7 3  2 .5 8
2 .8 4  0 .0 1 2  2 .3  0 .6
-5  ^1.14x10 J  2 .5  0 .7 4  2 .61
2 .9 6 x l0 -4  0 .1  0 .7 3  2 .4 8
-5
2 .96  0 .0 1 5  3 0*8
d
1.18x10 2 .5  0 - 7 5  2 .5 4
73
a ) O p tic a l  p a th  in  cm.
b) M olar e x t in c t io n  c o e f f i c i e n t  in  i  m cm
c) E q u ilib r iu m  c o n s ta n t in  Jj m
d) M olar e x t in c t io n  c o e f f i c i e n t  fo r  th e  s o lu t io n  o f low er c o n c e n tra tio n ^  
in  w hich i t  i s  assumed th a t  dim er c o n c e n tra tio n  i s  m inim al.
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 The i n t e n s i t y  o f  th e  lo n g e r-w av e len g th  p ro g re s s io n  I I  in c re a s e s
c o n s id e ra b ly  r e l a t i v e  to  p ro g re s s io n  I  a s  th e  c o n c e n tra t io n  o f th e  
g la s s y  s o lu t io n  in c r e a s e s .  U n fo r tu n a te ly , ex p erim en ts  such as  th e se  
a re  r a th e r  d i f f i c u l t  to  do and, a s  a r e s u l t ,  we can o n ly  in f e r  th a t  
p ro g re s s io n  I  r e f e r s  to  monomer and p ro g re s s io n  I I  to  a se lf-co m p lex . 
T h is  in fe re n c e  i s  c l e a r ly  s u b s ta n t ia te d  by re fe re n c e  to  F i g 's .  1,2&3.
The ~  29000cm ^ band i s  c l e a r ly  o f  s o lu te - s o lu te  a s s o c ia t io n  
o r ig in s .  T h is  s ta te m e n t i s  borne ou t by n o n -B e e r 's  law b e h av io r , by 
s tu d ie s  in  lo w -tem p e ra tu re  hydrocarbon  g la s s e s  where s o lu te - s o lv e n t  
in t e r a c t io n s  a re  s u re ly  sm all and , to  some d e g re e , by th e  s tu d y  o f 
w eak ly -ac id  s o lu t io n s .  T hat th e  s o lu te - s o lu te  in t e r a c t io n s  le ad  to  
a dim er s to ic h io m e try  i s  borne o u t ,  somewhat w eakly to  be s u re , by 
th e  d a ta  o f  T able  1 and , somewhat more s t ro n g ly ,  by th e  f a c t  t h a t  th e  
a b s o rp tio n  o f  th e  a s s o c ia te  e x h ib i t s  a f a i r  d eg ree  o f  v ib ro n ic  r e ­
s o lu t io n  (P ro g re s s io n  I I  o f  T ab le  2 ) . The monomer p ro g re s s io n  
(P ro g re s s io n  I  o f  T ab le  2) p ro b ab ly  r e f e r s  to  a ^1^ «- t r a n s i t i o n .  
T h is  c o n c lu s io n  i s  based  on a c o r r e la t iv e  s tu d y  o f  s u b s t i tu te d  
b e n z o n i t r l l e s  and , i f  c o r r e c t  f o r  N ,N -d ia lk y l-£ -c y a n o a n i l in e s ,  fo rc e s  
us to  conclude th a t  th e  s t a t e s  o f  th e s e  l a t t e r  m olecu les
a re  h e a v ily  mixed by v ib r o n ic  i n t e r a c t io n s .  T h is , in  view  o f th e  
e n e r g e t ic  p ro x im ity  o f  th e  s t a t e s ,  i s  c e r t a in l y  p o s s ib le
and i s  th e  on ly  way we can r a t i o n a l i z e  th e  o ccu rren ce  o f  a dominant 
s t r e t c h i n g  freq u en cy  in  a «- *Sq t r a n s i t i o n .
LUMINESCENCE SPECTRA
The lo w -tem p era tu re  lum inescence s p e c tra  o f  g la s s y  s o lu t io n s
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TABLE 2
VIBRATIONAL ANALYSIS OF THE ABSORPTION SPECTRA OF FIGURE 4
P ro g re s s io n  I  
v Av Av/n




34843 5211 1 7 3 7
A verage = 1723
P ro g re s s io n  I I
v Av Av/ n
(cm '*) (cm *) (cm *)




A verage = 1745
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a re  shown in  F ig . S. E x c i ta t io n  in  th e  monomer a b s o rp tio n  re g io n
y ie ld s  th e  f lu o re s c e n c e  and phosphorescence o f F ig . 5 (b ) . The
phosphorescence  i s  o f  r e l a t i v e l y  long  l i f e t im e ,  =- 2  sec  and th e
f lu o re s c e n c e  i s  e s s e n t i a l l y  i d e n t i c a l  to  t h a t  observed  under s im i la r
e x c i t a t i o n  c o n d itio n s  in  f lu id  s o lu t io n s  a t  25°C. E x c i ta t io n  in  th e
dim er a b so rp tio n  re g io n  y ie ld s  th e  two new f lu o re s c e n c e  and
phosphorescence e m iss io n s  o f  F ig . 5 ( a ) .  The phosphorescence  i s
o f  in te rm e d ia te  l i f e t im e ,  t  **0 . 5  sec  , and th e  f lu o re s c e n c e  i s
P
e s s e n t i a l l y  i d e n t i c a l  to  t h a t  observed  under s im i la r  e x c i t a t io n
c o n d itio n s  in  f l u i d  s o lu t io n s  a t  25°C which e x h ib i t  a b s o r p t iv i ty  a t  
- 1^  29000cm .
The lum inescence  o f a c r y s t a l  o f  NNDMPCA and NNDEPCA 
c o n s i s t s  s o le ly  o f  d im er em iss io n , none o r  n e g l ig ib le  monomer 
lum inescence  b e in g  observed  r e g a r d le s s  o f  th e  r e g io n  o f  e x c i t a t i o n  
(See F ig . 5 (a ))
Weak a c i d i f i c a t i o n  p roduces no e f f e c t  on th e  lum inescence
spectrum  o f th e  monomer. T h is  o b s e rv a tio n  i s  c o n tra ry  to  th e
8  16 s i t u a t i o n  observed  in  a n i l i n e s  o r  n i t r o a ro m a tic s  where th e
lum inescence  s p e c tra  o f  th e  p ro to n a te d  and u n p ro to n a ted  s p e c ie s  a re
q u i te  d i f f e r e n t .  I t  i s  a l s o  c o n tra ry  to  th e  e f f e c t s  on a b s o rp tio n
s p e c tr a  observed  h e re . I t  seems re a so n a b le  to  co n clu d e , th e r e f o r e ,
t h a t  p ro to n a te d  N ,N -d la lk y -£ -c y a n o a n ilin e s  d i s s o c ia t e  in  th e  e x c ite d
lu m in escen t s t a t e s  to  y ie ld  th e  u n p ro to n a ted  e x c i te d  monomer, a
c o n c lu s io n  which a l s o  i s  borne o u t by th e  e f f e c t s  o f  p ro to n a t io n  on
2
excim er fo rm atio n  e f f i c i e n c i e s  in  th e s e  same system s.
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FIGURE 5
T o ta l  lum inescence s p e c tra  a t  77°K o f NNDMPCA ( a ) ,  e x c ite d  In  th e  
d im er a b s o rp tio n  band and (b) e x c ite d  In  th e  monomer a b so rp tio n  
band.
________ 3-MP g la s s .
-----------  EPA g la s s .
E th y la lc o h o l g la s s .

























The s p e c tro s c o p ic  c h a r a c t e r i s t i c s  o f  th e  v a r io u s  em iss io n s  
a r e  ta b u la te d  In  T ab le  3. I t  I s  seen  th a t  monomer and dim er em iss io n s  
s h i f t  to  low er e n e rg ie s  a s  th e  s o lv e n t p o l a r i t y  I n c r e a s e s ;  th a t  th e
p o l a r i t y  o f  b o th  s o lv e n t  and s o lu te .
DISCUSSION
In te rm o le c u la r  in te r a c t io n s  e x h ib i t  g r e a t  v a r i e t y .  In  
v iew  o f  th e  f a c t  t h a t  th e  m o lecu les o f  i n t e r e s t  h e re  a re  h ig h ly  d i ­
p o la r  in  b o th  t h e i r  ground and e x c i te d  s t a t e s  and th a t  th e y  e x h ib i t  
some e l e c t r o n i c  t r a n s i t i o n s  o f v e ry  h ig h  e x t in c t io n ,  we w i l l  r e ­
s t r i c t  d is c u s s io n  to  d ip o le -d lp o le  i n te r a c t io n s  o f  s t a t i c  and t r a n ­
s i t i o n  moment ty p e . We can n o t, a s  o th e r  a u th o rs  do*^ n e g le c t  
s t a t i c  d ip o la r  i n t e r a c t i o n s ;  in  f a c t ,  we go to  th e  o p p o s ite  extrem e 
in  o u r p resum ption  o f  t h e i r  dom inance.
phosphorescence  l i f e t im e  o f th e  d im er, t , in c re a s e s  and th a t  th e  
a s s o c ia te d  quantum y ie ld  r a t i o ,  (cp /cpf ) n , d e c re a se s  w ith  in c re a s in g
We adop t th e  fo llo w in g  n o ta t io n s :  S^j, S^, S^, . . . . ,
T^, r e p re s e n ts  th e  m an ifo ld  o f  monomer
p re s e n ts  th e  m an ifo ld  o f  dim er s t a t e s ;  i s  th e  d ip o le  moment o f
5
th e  S* s t a t e ;  \i i s  th e  d ip o le  mement o f  th e  monomer (p ro b ab lyU 6  fl
S^) s t a t e ;  Mtj. i s  th e  d ip o le  moment o f  T^, M i s  th e  t r a n s i t i o n  
moment o f  th e  ♦- ^A^ ♦- t r a n s i t i o n ;  and R i s  an  i n t e r
m o lecu la r d is ta n c e .
S ince 1^ i s  o f  \  ty p e  we may assume t h a t  T^ i s  o f
3 m MLa  p a re n ta g e . As i s  c le a r  from  T ab le  3, th e  d i f f e r e n c e  ( 0 ,0 ) -
Vp^(0 , 0 ) i s  g r e a te r  th a n  ze ro  and in c re a s e s  w ith  an in c re a s e  o f
TABLE 3
LUMINESCENCE CHARACTERISTICS OF THE NNDMPCA MONOMER AND DMER
CLASS 
( c o n c . ,m /l)
Xexc
(mji)





(s e c )
S-T 
S p l i t  
(cm )
®p/<P£
3-MP 290 31000 246 50 2 .13+ 0 .13 5350 1 . 2
( 8 . 76xIO- 7 ) 330 27750 22800 0 .62+ 0 .01 4950 5 .8
EPA 280 30750 24300 2 .16+ 0 .02 6450 1 . 0 2
(5 .8 3 x l0 * 4) 330 2700 2 2 1 0 0 0 .33+ 0 .02 4900 1 .3 6
ETOH 280 30500 24400 2 .2 5 + 0 .0 8 6100 1 .0 4 3
( 8 . 32xlO- 5 ) 330 26600 21900 1 .46 + 0 .0 4 4700 0 .0 6




s o lv e n t p o l a r i t y .  S ince  th e  t r a n s i t i o n  moments o f  T«-S t r a n s i t i o n s  
a re  q u ite  n e g l ig ib le ,  i t  i s  Im m ediately  Im plied  t h a t
vpM(0 ,0 )  -  vpD(0 ,0 )  -  m£/R3  -  p2 /R 3  + B-A+..
where B and A a re  s o lv e n t - s o lu te  i n t e r a c t io n  e n e rg ie s  in  T^D and
r e s p e c t iv e ly ,  and th a t  jjl, > p .
^ 8
The dim er f lu o re s c e n c e  energy  i s  more s e n s i t iv e  to  s o lv e n t 
p o l a r i t y  th a n  i s  t h a t  o f  th e  monomer f lu o re s c e n c e . Thus, we can
conclude from  Table 3 t h a t  pg > p^. S ince p( L^) i s  no t expected
to  d i f f e r  much from  p (^ A .) , we m ight i n f e r ,  t h e r e f o r e ,  t h a t  p
J L  6
p e r ta in s  to  a  s t a t e .  I f  so , we may w r i te
v ( l L «- 1sn) -  \E “* P2 /R 3  + M2 /R 3  -  P2 /R 3  + C-A+.. a u ' i  e  g
I f ,  f u r t h e r ,  because o f  th e  presumed Lfl n a tu re  o f  b o th  e x c i te d  
s t a t e  d im er s p e c ie s ,  we assume th a t  p^“* pg we f in d  B “■ C and can 
w r i te
Cv M(0 ,0 )  -  v D(0 ,0 ) }  -  {v( 1 l “  «- 1sl!) -  vfD} - M 2 /R 3  -  4000cm" 1
P p  a  U •
The computed v a lu e  o f  M ^R 3  f o r  th e  s t a t e  i s  ( s e e  T ab le  4)a
5072cm * a t  Ra4& & 3562cm*'1' a t  R=4.5^, i n  f a i r  agreem ent w ith  th e
e x p e r im e n ta l v a lu e  o f ~  4000cm 1‘.
The enhancem ent o f  9  /cp_ w hich o ccu rs  upon d lm e r iz a tlo n ,
P t
- 1
th e  low e x t in c t io n  o f th e  ~  29000cm dim er a b s o rp tio n  band , and
th e  c o n s id e ra t io n s  o f  th e  p re v io u s  p a ra g rap h , a l l  in d ic a te  th a t
m o le c u la r  e x c i to n  c o u p lin g  i s  e f f e c t i v e  and th a t  th e  *S® *♦ *Sq
18*20t r a n s i t i o n  i s  fo rb id d e n  . T h is  c o n c lu s io n  i s  co m patib le  w ith  a 
d im e ric  sandw ich s t r u c tu r e  f o r  S^ in  w hich th e  t r a n s i t i o n  d ip o le s  o f
fit
TABLE IV
DIPOLE-DIPOLE INTERACTION ENERGIES IN NNDMPCA DIMER8
I n te r a c t io n  
Term (a )
R=4$
Energy (cm *) 
R=4.5# R=5fl
3430 2409 1756
# R 3 5280 4259 3606
I# * 3 12306 8642 6300
m2 / r 3 5072 3562 2596
a ) i s  ta k e n  a s  6 . 6 D; was c a lc u la te d  from  v ®=1850cm
2 3 2 3 -1Mu, /R  -  m> /R  » where 1850cm i s  th e  t r i p l e t  s e p a ra t io n  in  
8
3-MP g l a s s ;  a l l  c a lc u la t io n s  assumed t h a t  n = 1 2 .5D, a s  i s
g iv e n  i n  R ef. 2 (However, t h i s  v a lu e  may be too  l a r g e ;  a t  any 
r a t e ,  i t  i s  c o r r e c t  t h a t  |^e £ ; a v a lu e  M 8 D was deduced
from  th e  f-num ber and freq u en cy  o f  th e  33000cm * a b s o rp tio n  
band o f NNDMPCA.
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1 MChe in d iv id u a l  S2  components a re  o u t-o f -p h a s e . The r e s u l t a n t  
energ y  d iag ram , r e p le te  w ith  a l l  th e  p re ju d ic e s  o f  t h i s  s e c t io n ,  i s  
shown i n  F ig . 6 .
A l i s t  o f v a r io u s  in te r a c t io n  e n e rg ie s  i s  g iv en  in  T able
4. The energy  term s a re  s e n s i t iv e ly  dependen t on R b u t ,  f o r  any 
s p e c i f i c  R, l i e  in  th e  o rd e r  ^  > M^/R^ > p^/R ^. The
6  o
v a lu e  o f  ♦" f o r  NNDMPCA i n  a 3 -m eth y lp en tan e
g la s s  (where C & A may be tak en  to  be q u i t e  sm all and to  can c e l each
o th e r)  i s  5600cm The computed v a lu e  (s e e  T ab le  4) i s  19228, 14054
& 10746cm * a t  R = 4 ,4 .5  & sX, r e s p e c t iv e ly ^ o f  an  e x ac tly -m a te d
sandw ich s t r u c tu r e .  The d isc rep a n c y  o f  th e  observed  and computed 
d a ta  i s  r e a d i ly  c o rre c te d  by in tro d u c in g  an  a n g u la r  r o t a t i o n  o r s id e ­
ways d isp la ce m e n t o f  one m olecule w ith  r e s p e c t  to  th e  o th e r  in  th e  
sandw ich.
In  sum, w h ile  we have shown t h a t  d ip o le -d ip o le  i n t e r a c t io n s  
can acco u n t f o r  th e  observed  s e t  o f d im er energy  le v e ls  and th a t  
m o lecu la r e x c i to n  c o n s id e ra t io n s  can r a t i o n a l i z e  th e  observed  
a b s o rp tio n  and em issio n  p r o b a b i l i t i e s  o f  v a r io u s  dim er t r a n s i t i o n s ,  
we have by no means proved  such . F in a l ly ,  th e  observed  in te n ­
s i f i c a t i o n  o f  th e  ^  *- 1 S® t r a n s i t i o n  i n  p o la r  s o lv e n ts  (Jo in ed  
as i t  i s  w ith  low er v a lu e s  o f th e  a s s o c ia t io n  c o n s ta n t ,  K) fo rc e s  us 
to  conclude t h a t  d im e r-so lv e n t i n t e r a c t io n s  a re  a ls o  Im p o rtan t i n  
d e te rm in in g  th e  s p e c tro s c o p ic  b e h av io r o f  th e  d im er.
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FIGURE 6
Energy le v e l  d iag ram  f o r  NNDMPCA monomer and d im er. The s o l id  
h o r iz o n ta l  b a rs  a r e  ex p erim en ta l s t a t e  e n e r g ie s .  Dashed h o r iz o n ta l  
b a r s  a re  e s tim a te d  e n e rg ie s  o f unobserved s t a t e s .  V e r t ic a l  l i n e s  
co n n ec tin g  th e  s o l id  h o r iz o n ta l  b a rs  r e p re s e n t  observed e le c t r o n i c  
t r a n s i t i o n s .
M o n o m e r  D i m e r  M o n o m e r
D ipole-D ipo le Dipole*Dipole D ip o le -D ip o le  
a  E x c ito n
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